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ing reflective light against exposure light, and provide no 
intemiixing with the photoresi^ layer, are disclosed, 
wherein Ihe composition Ibr a bottom anti-reflective 
coating material comprises a naphthalene group-con- 
taining polymer compound having a specific structura 
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Daseil|ytlon 

The present invention relates to a composition tor a bottom anti-reflective coating material, which is effective in 
reducing the adverse effect of the reflection from the background substrate in the lithography process using various 
6 radiations, and to a method Ibr forming a resist pattern using this oompo^on for a bottom anti-reflectivs coatfng mate- 
rial. 

A photoresist is coated on a SLi)strate aidi as semicorKluctor wafer, glass, ceramic or metal to have a thickness of 
from 0.5 to 2 ijm by a spin coating method or a roUer coating method and thereafter subiected to heating, drying, print- 
ing cf a drcuit pattern through an exposure mask with radiation «ich ss uttraviolet ray, post exposure baking if desired, 

10 and development to form an imaga 

This image as a mask ^ etched so as to effect pattem working on the substrate. Representative examples of the 
applicalion field thereof include the production proc^ of serrnconductDrs such as IC. the production of drcuit sub- 
strates sadh as liquid crystal and thermal head and other photofabrication process. 

In the semiconductor fine working using a photoresist, accompanying the tendency towards finer dimensions, a 

75 matter of great importance is the prevention of light reflection from the substrate. For this puipose, a photoresist con- 
taining a light absorbent has been conventionally used, however, the use has a problem that the resolution is impaired. 
Accordingly, a method of provMing a bottom anti-reflective coating (6ARC) between the photoresist and the substrate 
has been broadly investigated. Known examples of the bottom anti-reflective coating are an inorganic coaling type such 
as titanium, titanium dioxide, titanium nitride, chromium oxkie, cart)on and a-silicon, and an organic coaling type oom- 

20 priting a light absorbent and a polymer material. The former requires equipments such as a vacuum evaporation appa- 
ratus, a CVD apparatus and a sputtering apparatus, for the coating formation. The latter does not require any particular 
equipment advantageously and a large number of studies are being made thereoa For example, JP-B-7-6961 1 (the 
term "JP-B" as used herein means an "examined Japanese patent publication') describes a coating compri^g a con- 
densate of a diphenylamine derivative with a formaldehyde-modified melamine resin, an alkBii-solii)le resin arwj a l^ht 

2s absorbent, U.S. Patent 5.294.680 desaibes a reaction product of a maleic anhydride copolynrter with a diamine-type 
light absorbent. JP'A-6-118631 (the term *JP'A" as used herein means an "unexamined published Japanese patent 
application') describes a coating comprising a resin binder and a methytolmelamine-base heat cross-linking agent JP- 
Ar6-1 1 8656 describes an acrylic resin-type anti-refl^tive coating containing within the &ar\e molecule a carboxylic acid 
groups an epcxy groi^) and a Dght absort^ing group. JP-A-8-871 15 describes a coating comprising methytolmelamine 

30 and a benzophenone-base l^ht atmoibent, and JP-A-8-1 79509 describes a coating obtained by adding a low molecular 
light absort>ent to a polyvinyl alcohol resin. 

The material for oiganic bottom anti-reflective coating preferably has physical properties such that it exhibits a large 
absofbarioe to radiations, it Is Insoluble in the photoresist solvent (not to cause Intermixing virith the photoresist layer), 
it Is free from dispersion of a low molecular sutistance from the anti-reflective coating material to the overcoat photore- 

35 \aY& during the coating or drying by heating, and it has a high dry etching rate as compared with the photoresist. 
These are also described, for example, in Proc. SPIE. \fd, 2195, 225-229 (1994). 

However, the compounds desaibed in tiie above-described patent publications fail to satisfy all these requirements 
and improvements have been demanded. For example, some conventional bottom anti-reflective coatings are insuffi- 
cient in the fight absorbing power of the binder and require separate loacfing of a light absorbent, and some contain a 

40 . largie amount of an aromatic light absoit>ent for increasing the absorbance but 1^ a problem that the dry etching rate 
Is kiw. Further, those having, iii the cross-linking system, a functional group capaisle of increasing the alkBli permeability 
such as a carixscylic add group, are bound to a prokitem that when development with an alkaline aqueous solution Is 
performed, the anti-reflective coating swells to Incur the worsening of the resist pattem shape. 

An object of the present invention is to pn>vide a composition for a bottom anti-reflective coating material, which 

4S has large l^ht abeortnnce, can form ocoellenl resist pattern with high resolutkni and low film tfiickness dependency, 
and shows high (fry etching rate. 

Another object of the present inventk)n is to provkle a method for Ibrming a resist pattern, which is high in the dry 
etching rate and can fonn an excellent resist pattern having excellent light absorbance virith high resolution and low film 
thickness dependency. 

so Still another object of the present invention is to provide a photoresist bottom anti-ref tective coating material com- 
position having high effect of preventing reflective light of the exposure light (particularly, light at a wavelength of 248 
nm) on the photore^ substantially free of intermixing with the photore^ layer, causing no dispersion into the pho- 
toresist layer on drying by heating, having a high dry etching rate as compared with the photoresist and (»pable of 
forming a re^ pattern with high resolution and tow film thickness dependency 

55 StOI further object of tiie present invention is to provide a method lor fomfiing a resist pattern, which has high effect 
of preventing reflective fight of the exposure light (particulariy, light at a wavelength of 248 nm) on the photoresist is 
substantiaUy free of intermixing with the photoresist layer, causes no dispersion into the photoresist layer on drying tejf 
heating, has a high dry etching rate as compared witti tiie photoresist and can form a resist pattern with high resolution 
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and low fBm thickness d^^endency. 

TTiese objects of the present invention can be attair^ 

(1) a compo si tion for a bottom anti-reflective coaling material, comprising a polymer compound tming a structure 
represented tv the following Ibrnujla (I) or (10 on the side 



10 



IS 



20 



25 



30 




(I) 



(Z2)m 




(II) 



wherein W represents a Gnking group to the polymer main chain. Y represents an oxygen atom, a sulfur atom or 
sN-V, and Z2. which may be the same or different, each represents an electron donating group, m and n repre- 
sent an integer of from 0 to 2 and from 0 to 8, respectively, and when m and n each is 2 or 3. the Zi groups or the 
Z2 groups may be the same or different, and V represents -OH. -NI-I2, a linear, tvanched or cycOc ail^ group having 
from 1 to 20 cailxm atoms, wherein the all<yl group may have a subslituent. an aromatic or h^erocydic or h^r- 
oaromatlG ring group having from 5 to 14 caitx}n atoms, which m^ have a subetHuent, or an alkmcy group having 
from 1 to 20 carbon atome; 

(2) a composition for a botborn anti-reflective coaling material, oomprising a polymer compound having a structure 
represented by the following formula (1 11) or (IV) as a part of the repeating unit on the main or side chain: 



so 



SB 
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(III) 



15 



20 




(IV) 



wherein Y represents an oxygen atom, a sudliir atom or sN-V, Zi and Z2, which may be the same or different, each 
30 represents an electron donating group, m and n represent an integer of from 0 to 2 and from 0 to 3, respectively, 
and when m and n eadi is 2 or 3, the groups or the Z2 groups may be the same or different arid V repr^ents - 
OH. -NI-I2. a linear, branched or cyclic alkyi group having from 1 to 20 carbon atoms wherein the aikyl group may 
have a subetituent, an aromatic or heteroaron^tic ring group having from 5 to 14 cartxjn atoms, which may have a 
substituenL or an alkoxy group Graving from 1 to 20 carbon atoms; 
ss (3) a composition for a bottom anti-reflective coating arterial, comprising a polymer compound having a repeating 
unit of the structure represented by fornriula (V) or (Vl): 



40 



4B 



BO 



SB 
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go wherein R** represents a hydrogen atom, a methyl group, a chlorine atom, a bromine atom or a cyano group, X rep- 
resents a divalent linking groups Y, Z^, 2q, m and n have the same meanings as defined In Item (1), and when m 
and n each Is 2 or 3. the Zi groups or the Z2 groups may be Ihe same or different: 

(4) a composition for a bottom anti-reflective coating material as described In item (3), wherein in fonmila (V) or 
(Vl), Zi and Zg each is a group selected from -OH, - OR"^, -NR^R^ and -SR^ wherein Pfi represents a hydrocartDoh 
55 group having from 1 to 20 carbon atoms, and R^ and R^, which may be the same or different, each represents a 
hydrogen atom or a hydrocarbon group having from 1 to 20 cartx)n atoms; 

(9 a composition for a bottom anti-reflective coating material, comprising the following components (a) and (b): 

(a) a polymer compound having a structure represented by formula (1) or (II) described In item (1); and 
40 (b) a melamine, guanamine, gtycdurll or urea compound substituted at least one subslituent selected from 

a metfrylol group, an alkoxymfltfiyl groi^p and an acyloxymelhyl group; 

(Q a composition for a bottom anti-reflective coaling material as described in item 05). wherein In formula (j) or (II), 
W is a single bond or a linking group containing a group selected from an alkylene group which may have a sub- 

4S stituent an arylene group which may have a substituent and an aralkylene group which may have a sii)stltuent 
wherein W may have one or more of -CO2-, -CONH-, -0-, -CO- and -SO^-in the middle thereof, and Z^ and Z2 each 
is a group selected from OH, -GR"^, -SR"^ and -NR^R^ wherein R"* represents a hydrocaibon group having from 1 
to 20 carbon atoms, and R^ and R®. which may be the same or different, each represents a hydrogen atom or a 
l^rocarbon group having from 1 to 20 carbon atoms, and when m and n each is 2 or 3, Ihe Z^ ^oups or the Z2 

so groups may be the same or different; 

(7) a oompositioh tor a bottom anti-reflective coating material comprising the following components (a) and (c): 

(a) a polymer compound having a sfructure represented by formula (I) or (11) described in item (1); and 
(c) a phenol, naphthol or hydroxyanthracene compound substituted by two or more groups selected firom a 
55 matl^ groupi an allttsxymethyl grotf) and an acylQxymethyl group: 

(8) A composition for a bottom anti-reflective coating material as descritied In item (7), wherein in formula (I) or (II), 
W s a single bond or a linking group containing a group selected from an alkylene group which may have a sut>- 
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stHuentp an arylene group which may have a aubstituent and an aralkylene group which may have a ajbetituent 
wherein W may have one or more of -CCV, -CONH-, -O-, -CO- and -SOa-in the middle thereof, and Zi and Z2 each 
Is a group selected from -OH. -OR^. -SR^ and -NR^R^ wherein R^ represents a hydrocarbon group havir^ from 1 
to 20 caiton atoms, and R^ and R^. which may be the same or different, each represents a hydrogen atom or a 
hydrocart)on group having from 1 to 20 cartnn atoms, and when m and n each s 2 or 3, the groups or the Z2 
groups may be the same or different; 

(9) a composition for a bottom anti-reflective coating material as described in item (1). wherein the polymer com- 
pcujnd having a structure represented by formula (I) or (II) contains from 2 to 50 wt% of a repeating structural unit 
represented by the following formula evil): 

—eCHj-Ci— (VII) 
A 



wherein R^ represents a hydrogen atom, a methyl group, a chlorine atom, a bromine atom or a cyano group, and 
A represents an organic functional group having a -GH2OH, - CH20R^ or -CH2OCOCH3 terminal group wherein 
20 represents a hydrocarbon group having from 1 to 20 carbon atoms; 

(10) a composition for a bottom anti-reflective costing material as deso-ibed in item (9), v^rein A In formula (VII) 
a group resulting from the reactfon of - CONHCH2OH. -CONHChlsOCHa, -C6H4CIH2OH. -C6H4CI-I2OCH3 or - 

CONHC(CH3)2CHCOCH3 with formalin; 

(11) a cotrposition tor a bottom anti-reflective coating nreterial as descrft)ed in item (1), wherein the polymer com- 
25 pound having a structure represented by formula (I) or (II) contains firom 2 to 30 wt% of a repeating structural unit 

represented by the following formula (VIII): 

^ tCHi-C-) (VIII) 

B - . 

SB wherein R^ has the same meaning as R^ in item (9). and B represents an organic functional group having an epoxy 
terminal groi^); 

(12) a bottom anti-refledive coaling material composition comprising a polymer light absorbent having at least one 
group represented by the following formula (DQ, pC), QCI), (XII), p(lll). (XiV) or (XV) on the side chain: 

40 



BO 



BB 
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■W* C(X2)=C(Xi) 




(Zi), 



W 

I 

(X,)CX2>C=C 




(ZzL 



(IX) 



(X) 



)fV>^(Zi)n 



(XII) 
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-(Zl)n 



(Xiii) 



70 



15 



20 



tor""" ■ 

<Z2)m ^2 



(XIV) 



30 



SB 



40 




(XV) 



45 wherein W represents a divalent linking group. to X3. wtiich may be the same or different, each represents a 
hydrogen atom, a halogen atonn, a cyano group or -(X4}p-R wherein R represents an alkyi group having from 1 to 
20 carl3on atoms, an aryl group having from 6 to 20 carbon ioms or an aralkyi group having from 7 to 20 carton 
atoms, which may have a substituent X4 represents a single bond, -QO^, • CONH-, -0-, -CO-, an alkylene group 
having from 2 to 4 carbon atoms or -SO2-, p represents an integer of fiom 1 to 10. and Z2. which n^y be the 

so same or different, each represents an electron donating group, m and n represent an integer of from 0 to 2 and from 
OtoS, respectively, and wherimls2ormandneaGhis2or 3, theZi groups or the Z2 groups may be the same or 
different. represents a di^ent aromatic ring or hetensarormtic ring group having from 5 to 14 carbon atoms, 
which may have a substituent. and Ag represents an aromatic ring or heteroaromatk: ring groip having from 5 to 
14 cartx)n atoms, which may have a substituent; 

55 (13) a bottom anti-reflective coaling material composition comprising a polymer light absorbent having at tea^ one 
structure represented by the following formula (XVI). pcvil), (XVill), (XIX). pcx). (XXI). (XXIQ or (XXIIQ as at le 
a part of the repeating unit on the main or side chain: 
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■C(X2)=CCXi) 
(Z2>m 



(Zl)n 



(XVI) 



C=C(Xi)(X2) 

(XVII) 
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(XXII) 



wherein to X3, Zi, Zg, Ai, A2, n and m each has the same meaning as defined in item (12); 

(14) a bottom anti-reflective coating material com p osition comprteing a polymer light absoitent having at least one 

repeating structural untt represented lay the IbOowing fomiula (XXIV). (XXV) or pOCVI): 
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5' 

f 

cocj)=qcXi) 

jfty^'*^ (XXIV) 
(Z2)m 



'(Zi)n 



(Xi)(X2)C=q^ (XXV) 
(Z2)m 



1^ 

r 



(XXVI) 



to-"" 

(Z2)ffi 



wherein represents a hydrogen aDom. a methyl group, a chlorine atom, a bromine atom or a cyano grot^), Y* rep- 
resents a divalent linking group, , X2. . Z2. m. n and A-i each ^ the same meaning as in item (12); 
(15) a tsottom antl-ref tective coating material composition as descrit)ed In item (1 4), wherein Y' is a single bond, an 
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alkylene. arylene or aralkylene group which may par&lly have one or more of -CO2-. -CONH-, O. -00- and -SO2- 
, or a group represented by -C02-E% -CONH-E-, -0-E-, -CO-E- or -SO^E- group wherein E represents a single 
bond or an aromatic ring group having from 6 to 14 cartxMi atoms, whi(^ may have a si^^stftuant; 

(16) a bottom anti-rellectnre coating material composition as described in any one of items (12) to (15). wherein 
and Z2, which may be the same or different, each represents -OHp 'OR^ -NR^^ or -SR^ wherein represents a 
hydrocarbon gn>up having from 1 to 20 carbon atoms, and R^ and each represents a hydrog en atom or a hydro- 
cartoon group having from 1 to 20 cartoon atoms; 

(17) a bottom anti-reflective coating nmterial composition as descrQ>ed in any one of items (12) to (16), wherein 
and A2 each represents a divalent or monovalent group benzene, naphttialene, anthracene, phenanthrene or thf- 
ophene ring, whidi may have a substrtuent; 

(18) a bottom anti-reflective coating material composition as desaibed in any one of items (12) to (17), wherein 
said polymer light absort>ent contains from 2 to 50 wt% of the repeating structural unit represented by the follawing 
fbrmula (XXVII): 

tCHz-C-J— ( XXVI I ) 

Bi 

wherein R^ represents a hydrogen atom, a methyl group, a chlorine atom, a k>rornne atom or a cyano group, and 
represents an organic functiormi group having -CH^OH, -CH^OR^ or -CH^XOCH^ at the terminal wherm R^ 
represents a hydrocartoon group having from 1 to 20 cartoon atoms; 

(19) a bottom anti-reflective coating material composition as described in any one of iten« (12) 10 (17), wher^ 
said polymer light alssorbent contains from 2 to 50 wt% of a repeating structural unit represented by fbrmula (X)CVII) 
of item (18) where &| is a group obtained by the reaction of a group represented by -CONHCH2OH, • 
CXDNHCHgOCHg, - CHgpCOCHs, -C6H4{OH)CHs20H, -CsH^OfflCHgOCHs or -CXJNHCCCHajgCHgCOCHa, with 
formalin; 

(20) a bottom anti-reflective coating material composition as described in any one of items (12) to (17), wherein 
said polymer light absorbent contains from 2 to 30 wt% of a repeating structural unit r^oresented by the follawing 
formula (XXVIII): 

fCH2-C-) (XXVIII) 

B2 



wherein R^ represents a hydrogen atom, a methyl group, a chlorine atom, a bromine atom or a cyano group, and 
B2 represents an organic functional group PuvIng an epoxy tenninal group; 

(21) a bottom anti-reflective coating material composition comprising the following components (a) and (b): 



(a) a polymer light absorbent described in any one of items (12) to (20); and 

(b) a melamine, guanamlne, gtycdurit or urea compound substituted at least one si^oetituem selected from 
a methylol group, an alkoxymethyl group and an acyloxymethyl group; 

(22) a bottom anti-reflective coating material composition compreing the following components (a) and (c): 



(a) a polymer light absort>ent described in any one of items (12) to (20); and 

(c) a phenol, naphthol or hydroKyanthracene compound substituted by at least one siiostituent selected from a 
methylol group, an alkoxymethyl group and an acyloxymethyl gn>up; and 

(23) a method for forming a resist pattern, which lAes a bottom anti-reflective coating material composition 
desaibed in ar^ one of items (2) to (22). 
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DETAILED DESCRIPTIQM OF THE I WENTIQN 

In formulae (Q, (HQ and (IV}, the -C(sY)- ga>up linking to the naphthalene group i8 preferably bonded to the Imposi- 
tion of the naphthalene ring so as to match vnth the wavelength (248 nm) of KrF exdmer laser. 
6 The linking groip represented by W or X is a single bond or a linking group cantalning a group selected from an 
aDcylene groip which may have a substituent, an arylene group whi^ 

whtdi may have a sii>5tHuent (W and X each may have one or mors of -CO^. -CONH-p -0-, -CO- and -SO^- in Ihe mid- 
dle thereoQ. 

Examples of the alkylene group whtoh nray have a sitetHuent include' a linear aikylene chain having from 1 Id 20 
10 (mjbon atoms v^ch may fmve a subsiituerrt (preferalaly an aDcyl group having from 1 to 1 0 (^rtxin atoms. -OH, -OR^ - 
SR^, -NR^R^ or a hatogen group) (the linear alkyloie chain may have one or nwe of -COz-, -CXDNH-, -0-, -CO- and - 
SO2- In the middle thereof), a branched alkylene dham having from 1 to 20 carbon atoms, whic^ may have a sut)^uent. 
and an alkylene chain having from 1 to 20 caiton atoms, which ms^ have a cyclic alkylene structure in the middle 
thereof. 

15 Examples of the arylene group which may have a sut^stitu^ include an arylene group having from 6 to 14 carton 
atDms which may have a mjbstituent (preferably an alkyi group having from 1 to 10 carbon atoms, -OH, -OR^, - SR^ - 
NR^R® or a hak)gen group) (the arylene group may have one or more of -CO^-, -CONH-, -0-, -CO- and -SOg- In the 
middle thereof). 

Exannples of the aralkylene group which may have a substHuent include an aralkylene group having from 7 to 15 
20 cart)on atoms which may f^ve a substituent (preferably an aDcyl group having from 1 to 1 0 carton atoms, -OH, -OR^ ■ 
8R^, -NR^R^ or a halogen group) (the aralkylene group may have one or more of -CO^-, -CONH-. -0-, -CO- and -8C^- 
In the middle thereof). 

The linking group represented by W or X is preferably a single bond, -CO2, -CONH-, -O-, -CO. -80^-. a linear 
alkylene chain having from 1 to 20 carbon atoms, which may have a substituent (preferably an alkyI group having from 

2ff 1 to 10 carton atoms, -OH. -OR^ -SR* -NR^R^ or a hatogen group) (the Bnear alkylene chain may tore one or more 
of -CO^-. -CONH-. -0-, -CO- and -SO2- in the middle thereof), a branched alkylene chain having from 1 to 20 carbon 
atoms, which may have a sub^ituent. or an alkylene chain having from 1 to 20 caiton atoms, which may have a cyclic 
alkylene structure in the middle thereof. In the groups above, R^ represents an alkyI group having from 1 to 20 carbon 
atoms, and R^and R^each represents a hydrogen atom or an alkyI group having from 1 to 20 carbon atoms. 

so Zf and Zg each represents an electron donating group. The electron donating group means a groip having a Ham- 
metfs substituent constant ap of a negative value. Zi and Z2 each is preferably -OH, -OR"*, -SR^ or -NR^R^ (wherein 
represents an aikyi group having from 1 to 20 caitx)n atoms, and R^ and R^ each represents a hydrogen atom or an 
alkyi group haying from 1 to 20 cartoon atons). 

R^, R^ and R^ each is preferably a methyl group; an ethyl group, an n-propyl group, an l-prapyl group, an n-butyl 

SB group, an i-butyl group, a t-butyl group, an n-p^tyl group, an n-hexyl group, a cycbhe)^i group, an n-octyl group, a 2- 
ethylhaxyl group, an n-nonyi groups an n-decyl group, an n-lauryl group or an rvstearyl group, and In view of no reduc- 
tion in the dry etching rate, more preferably a non-cyclic hydrocartx^n group having from 1 to 6 cartoon atoms such as 
. methyl, ethyl, n-propyl, l-propyl. n-butyl. Mkjtyl, t-bu^, n-pentyl and n-hexyl, a 2-hydraKyethyl group, an altyl group, a 
2,3-dichloropropyi group or a 2,3-dlbromopropyl group. 

40 Y represents an oxygen atom, a sulfur atom or sN-V (wherein V represents a hydroxyl group, an amino group, a 
linear, branched or cydic alkyf group fmving from 1 to 20 carbon atoms, which rmy have a substituent an aromatic or 
heteroaromatic ring group having from 5 to 14 carbon atoms, which may have a 8ut)8tituent, or an alkoxy group having 
from 1 to 20 carbon atoms). 

Examples of the linear, branched or cydic all^ group having from 1 to 20 caiton atoms, which may have a substit- 
45 uent. include a methyl group, an ethyl group, a n-propyl groif). an i-propyt groups an n-t)utyl group, an i-butyl group, a t- 
butyl group, an n-pentyl groups an n-hexyl groups a cyGk}heKyi group, an.n-octyl group, a 2-ethylhaxyl group, an n-nonyl 
group, an n-decyl group, an n-lauryl group and an n-stearyl group. 

Examples of the aromatks or heteroaromatk: ring group having from 5 to 1 4 carton atoms, whteh may have a sub- 
stituent include a pyn-de group, a phenyl groups a tolyl group, a naphthyl groups a phenanthrene group and an anthra- 
so cenegroupi 

Examples of the all«xy group having from 1 to 20 caitxjn atoms include a methoxy group, an ethoxy group, an n- 
propoxy group, an i-propoxy group, an n-butoxy group, an i-butoxy group, a t-butoxy group, n-pentoxy group, a methox- 
ycartx}nylmethylQxy groiip and an ethoxycartx^nylmatfiyloxy group. 

Y is preferably an oxygen atom or a sulfur atom. 
55 The polymer oonpound of the present invention may be copolymerized with a non-cross-linMng monomer other 
than the repeating unit having a structure represented by formula (I) or (II) and thereby, the dry etching rate, the reflec- 
tivity or the like can be deGcately controlled. 

Examples of the copolymerlzable monomer include compounds having one additior>-potymerizat)le unsaturated 
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bond selected from an acryfic ester, an acrylamide, a methacrylic e&er, a melhacrylamide, an allyl compound, a vinyl 
ether, a vinyl ester, a styrene and a crotorec esier. Specific eaamples thereof Include: 

acrylic esters such as alkyi acrytate (the all^ group pr^erably has from 1 to 10 carbon atoms) (ag.. methyl acr- 
ylate. ethyl ac^yiate, propyl acrylate. t-butyl aoTlale, amy! acrylate, cydohexyl achate, ethylhes^ acrytate, octyl 
acrylate, t-octyl acrylate, chloroethyl aciytate, 2-hydroxyethyl acrylate, 2,2-(fimethylliydroKypropyl acrylate, 5- 
hycfroxypentyl acryMe. trimethytolpropane monoacrylate, pentaerythrltol monoacrylate. benzyl acrylate, methoxy- 
benzyl acrylate. turfiiryl acrylate, tetrahydrofurfuryl acrytete) and aryl acrylate (e.g., phenyl acrylate, hydro)Qfpher^ 
acrylate); 

methacrylic esters such as alkyi methacrylate (the alkyt group preferat^ly has from 1 to 10 carbon atoms) (e.g., 
methyl methacrylate, ethyl methacrylate, propyl methacrylate. isopropyl methacrylate, t-butyl methacrylate, amyl 
mettmcrylatB. haxyt methacrylate, cydohttcyl methacrylatB. benzyl methacrylale, chlorobehzyl mettiacrylate, oclyl 
methacrylate. 2-hydroxyethyl methacrylate, 4-hydroxybutyl methacrylate, S-hydroxypentyl metr^K^y^e. 2,2<Gme- 
thyl-S-hydroxyprcpyl methacrylate. trimethylol propane monomethacrylatB, pentaerythrltol monomethacrylate. fur* 
furyl methacrylate. tetrahydrofurfuryl methacry^te) and aryl methacrylate (e.g., phenyl methaorylate. 
hydroxyphenyl methacrylate, cresyl methacrylale. naphthyl methacrylate); 

acrylamidas such as aoylamide, N-alkylacrylamlde (the alkyI group has from 1 to 10 carbon atoms and eKamplas 
thereof include a methyl group, an ethyl group, a propyl group, a butyl group, a t-butyl group, a heptenyl group, an 
octyl groif}, a cydohexyl group, a benzyl group, a hydroxyethyl group and a benzyl group), N-arytacrylamide 
(examples of the aryl group indude a phenyl group, a tolyl group, a nitrophenyl group, a naphtfiyl group, a cyano- 
phenyl group, a hydroxyphenyl group and a carbo^phenyl group), N,N-dialkylacrylamide (the alkyI group has from 
1 to 1 0 c»rt)on atoms and examples thereof Include a methyl groups an ethyl group, a butyl group, an Isobutyl group, 
an ethylhexyl group and a cydohexyl group). N,N-arylacrylamide (examples of the aryl group include a phenyl 
group), N-methyl-N-phenylac^amide, N-l^roxyethyl-N-methylacrytamide and N-2-acetoamkk)ethyl-iSI-acetylacr- 
ytiunide; 

methacrylamides such as methacrylamide. N-alkylmethacrylamide (the alkyI groi^) has from 1 to 10 cartjon atoms 
and examples thereof indude a methyl group, an ethyl group, a t-butyl group, an ethylhexyl group, a hydroxyethyl 
group and a cydohexyl group), N-arylmethacrylarrtKle (examples of the aryl group include a phenyl group, a 
hydroxyphenyl group and a carboxyphenyl group). N.N-dialkylmethacrylamlde (examples of the alkyI groi^ indude 
an ethyl gn>uA a propyl group and a butyl group), N.IMiarylmethacrylamide (examples of the aryl group indude a 
phenyl group). N-hydroxyBthyl44-rnstliylmetha(»ylamide, N-methyl-NiDhenylmelhacrylamlde and N-ethyl-N-ph»- 
nylmethacrylamide; 

allyl compounds sudi as an allyl ester (ag., allyl acetate, allyl caproafe, allyl caprylate, allyl lauratB, allyl palmKatB, 
allyl stearate. allyl t)enzoate. allyl acetoacetate. allyl ladate) and allyloxyettiand; 

vinyl ethers such as alkyl vinyl ether (e.g.. hexyl vinyl ether, octyl vinyl ether, decyl vinyl ether, ethylhexyl vinyl ether, 
methoxyethyl vinyl ether, ethoxyethyl vinyl ether, chloroethyl vinyl ether, 1-methyl-2,2<llmethytpropyl vinyl ether, 2- 
ethylbutyt vinyl ether, hydroxyethyl vinyl ether, diethylene glycol vinyl ether, dimethylaminoethyl vinyl ether, diethyl- 
aminoett^l vinyl ether, butylaminoelhyl vinyl ether, benzyl vinyl ether, tetrahydrofurfuryl vinyl ether), vinylaryl ether 
(eg., vinylphenyl ether, vinyltolyl ether, vinylchtorophenyl ether, vinyl-2.4-dlchk)n)phenyl ether, vinylnaphthyl ether, 
vinylanthranyt ether); 

vinyl esters such as vinyl butyrata vinyl isot)utyrate. vinyttrimethyl acetata vinyldiethyl aoetata vinyl valerate, vinyl 
caproate, vinyl chlorcacetate, vinyl dichloroacetate, vinylmethoxy acetate, vinylbutoxy acetate, viny^enyl acetate, 
virryl acetoacetate, vinyl lactate, vinyl-p-phenyl butyrata vinytcyclohexyl caitoxylata vinyl benzoate. vinyl saD- 
cyiate, vinyl ddorobenzoate, vinyl tetrachlorobenzoate and vinyl naphthoate; 

styrenes such as styrene, alkylstyrene (e.g., methylstyrene, dimethylstyrena Irimathylstyrena ethylstyrena diethyl- 
s^ene. isopropylslyrena t>utylstyrene, hexylstyrena cydoheKylstyrene, dec^lstyrene, benzylstyrena chlorometh- 
ytetyrene, trifluoromethylstyrene, ethoxymethylstyrene, acetoxymethylstyrene), cUkoxystyrene (e.g., 
methoxystyrena A-methoKy-S-methylstyrena dimethoxystyrene), halogen styrene (ag., chlorostyrene. drchlorosty- 
rene. trichlorostyrene, tetrachbrostyrene. pentachlorostyrene, bromostyrene, c&romostyrena iodostyrene. fluor- 
ostyrene, trrfiuorostyrene, 2-bromo-4-frifluoromethyls^ena 4-fluarD-3-tnfluoromethylstyrene). hydroxystyrene 
. (eg., 4-hydrQxy8lyme. 3-l^roxy6tyrene, 2-hydroxy8tyrene, 4-hydn9xy-3-m^hyl8tyrena 4-hydroxy-d,&dim^hyl- 
styrene, 4-hydroxy-d-methoxy8tyrene, 4-hydroxy-3-(2-hydn>xyt)enzyf)styrene and cartsoxystyrene; 
crotonic add esters ^ch as alkyl crotonate (e.g., butyl crotonate, h^ crotonata glycerol monocrotonate), 
dialkyi rtaconates (e.g.. dimethyl itaconate, diethyl itaconata dibutyl rtacormte); 

diallqrl esters of maleic acU or fumaric add (e.g., dimethyl maleate, dibutyl fumarate) or monoall^ esters of maleic 
actdorfumaricadd: 

an acrylic acid, a methacryGc add, a crotonic add. an itaoonic add, a maleic anhydride, a maleimida an acTyloni- 
trile, a methacrylonitrlle and a maleytonitrfle. In addition, an addition polymerizable un^urated compound capable 



15 



EP0851300A1 



of copolymerizatton with the repeating 8tri^^ 

Among these, in view of the capability of intensifying the heat croespllnking property of the polymer compound, for 
example, 2-hydroxyethyl (meth)acrylale. 2-hydroxypropyl (meth)acrylate. ethylene glycol mono(meth)acrytate, polyeth- 
ylene glycol mono(melh)aGrylat8, propylene glycol mono(meth)acry1ate, polypropylene glycol mono(m8lh)acrylate and 
their oorresponcfing (meth)acrylamide monomer, vinyl alcohol, hydroxystyrene and hydroxymethytstyrene are pretended. 

From the standpoint that good solvent solubOity of the polymer can be kept without reducing the dry etching rate, 
an alkyi (meth)acryliate monomer having an aOcyl chain having from 1 to 1 0 carbon atoms is also prefien-ed. 

The polymer compound In the composition for a bottom anti-reflectlvB doafing material of the present invention may 
hem a aoss-linking group in the polymer chain thereof. Examples thereof include those resulting from the oopolymer- 
izatbn of the repeating structural unit having a cross-linking group represented by fomuila (VII) or (Vlll). 

In formulae (VII) and (VIII), represents a hydrogen atom, a methyl groups a chlorine atom, a bromine atom or a 
cyano group, and A represents an organic function group having a -CH2OH, -CHgOR^ or -CH^COCI-13 terminal group 
(wherein represents a hydrocarbon groip having from 1 to 20 carbon atoms). A is preferably a group resulting from 
the reaction of -GONHCH2OH, -CONHC^h^OCHs, -(^H^CHsOH. -C^H4CH20CH3 or -CONHC(CH3)2CH(X)CH3. with 
formalin. 

B represents an organk; functional group fmving an epoxy terminal group, preferably a group shown beksw; 

-O-CH2CH-CH2 -COiCHaCH-CHj 

\/ \ / 

0 0 



-CO2-CH2CH2-CO2-CH2-CH-CH2 




In the polymer compound fbr use in the present invention, the content of the repeating structural unit having a struc- 
ture represented by Ibrniula (I) or (1 1} Is from 1 0 to 99 wt%, preferably from 30 to 97 wt%, more preferably from 50 to 95 
wt%. 

In the polymer compound for use in the present invention, the content of the repeating structural unit having a 
cross-liking group represented by formula (VII) or (VIII) Is preferably from 2 to 50 wt%, more preferat)ly from 5 to 30 wt%. 
based on all repeating units. 

In the polymer oorrpound for use in the present invention, the content of the repeating unit other than the repeating 
structural unit represented by formula (I) or (il) and the repeating structural unit having a croes-linking group repre- 
sented by formula (VII) or (VIII). Is preferably from 0 to 80 wt%, more preferably from 20 to 70 wt%, based on all repeat- 
ing unitS- 

Speofic examples of the polymer compound for use in the present invention, are set forth below, however, the 
present invention is by no means limited thereto. 
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In formulae {IX) to (XXVI), the vinyl bond (-C=C-) (including -(5=0- in the aromatic ring or heteroaromatic ring rep- 
raserrted 1:^ or A2) linking to the naphthalene group is preferably bonded to the p-position of the naphthalene ring eo 
as to match with the wavelength (248 nm) of KrF excimer laser. 

. The divalent linking group represented by W or V In formulae (iX) to (XXVI) may be specif IcaDy a single bond, and 
is preferably -CO2-. -CONH-. -O, -(X)-, -SOa-. a linear alkylene. aryleneor arall^ene group having from 1 to 20 cailxn 
atoms, which may have a sii)stituent a branched alkyfene group having from 1 to 20 cartoon atonrK, which may have a 
substituent. an alkylene group having from 1 to 20 cartxMi atoms, which may have a cyclic alkylene structure in the mid- 
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die thereof, or a divalent group resultirig from th e c om b ina t i on of two or more oi Ihe above-described groups. 

The divalent Gnking group represented by W or Y Is more preferably -COg-E-. -CONH-E-. -0-E-. -CO-E-. -SO^-E- 

(\rirherein E represents a single bond or an aromatic ring gn>up having from 6 to 14 carbon atoms, which may have a 

eubstituent). an alkylene group having finom 1 to 20 carbon at^ 
ff Ing from 6 to 20 carbon atoms, whidi may have a substituent an aralkyiene grcnip having from 7 to 20 carbon atoms. 

which may have a subtiituent, or a dl^ent group reciting from the combination of the above-described group with one 

or more groins of -CO2-, -CONH-, O, -CO-, an alkylene group having from 2 to 4 carbon atoms and -SO2-. 

Exan^es of the alkylene group having from 1 to 20 carbon atoms include a methylene group, an ethylene group, 

a prof^lBne groups a butylene group, a pentylene group, a hexylene group; a heptylene group, an odylene group, a 2- 
10 ethylhexylene group, a noriylene Gpoup, a decytene group, a laurylene group, a stearylene group and a cyclohei)^ene 

group- 
Examples of the arylene group having from 6 to 20 carbon atoms include a phenylene group, a naphthylane group. 

an anthrylene group and a phenanthTylene group. 

Examples of the arall^lene group having from 7 to 21 carbon atoms Include a benzyl group, a naphthylmethyl 
18 group, an anthrylmetr^ group and a phenanthrylmethyl group. 

Prefen^ed examples of the eubetituerit which the above-described groups each m^ further have, include an alkyi 

group having from 1 to 10 carbon atoms, -OH, -OR^, - SR^, -NF^R^ and a tnlogen atom (wherein represents an 

alkyi group havi ng from 1 to 20 canton atoms and R^ and each represents a hydrogen atom or an all^ group having 

from 1 to 20 carbon atoms). 

20 Xi to X3, which may be the same or different, each represents a hydrogen atom, a halogen atom, a cyano group or 
-()(4}p-R (wherein R represents an alkyi groi^ having from 1 to 20 carbon atoms, which may have a substituent, an aryl 
group having from 6 to 20 carbon atoms, which may have a substituent or an aralkyi group having from 7 to 20 cartxNi 
atoms, which may have a substituent, X4 represents a single bond, -002, -CONH-. -0-, -CO-, an alkylene group having 
from 2 to 4 cait)on atoms or -SO2-. and p represents an Integer of from 1 to 10). 

25 Examples of the alkyi group having from 1 to 20 carixw atoms include a methyl group, an ethyl group, an n-|mpyl 
groupi an i-propyl group, an n-butyl group, an i-butyl groups a t-butyl group, an n-pentyl group, an n-hexyl group, a 
cydohexyl group, an n-octyl group, a 2-ethylhexyl group, an n-nonyl group, an n<lecyl groip, an n-lauryl group or an n- 
etearyl group. 

Examples of the aryl group tiaving from 6 to 20 carbon atoms Include a phenyl group, a naphthyl group, an anthryl 
30 group and a phenanthryl group- 
Examples of the aralkyi group having from 7 to 21 carbon atoms Include a benzyl group, a naphthylmethyl group, 

an anthrylmethyl group and a phenanthrylmethyl group. 

Xi to X3 each is preferBft)ly a hydrogen atom, a cyano groups a methyl group, an ethyl group, an acetyl group or a 

benzoyl groupi 

3S Z-i and ^ each is a substituent of the naphthalene group and an electron donating group. The electron donating 
group means an atom or atomic group having a Hammetfs substituent coretant ap of a negative value. Specific exam- 
ples thereof include -OH, -0R^ -SR^ or -NR^R^ (wherein represents an alkyi group having from 1 to 20 carbon 
atoms, and R^ and R^ each represents a hydrogen atom or an alkyi group having from 1 to 20 carbon atoms) . 

Preferred examples of the alkyi group having from 1 to 20 caiboh atoms represented by R^, R^ or R^, include a 

40 methyl group, an ethyl gi'oif), an n-propyt group, an i-proi^ group, an n-butyl group, an i-butyl group, a t-butyl group, an 
n-pentyl groups an n-hexyl group, a cyclohexyl groupi an n-octyl groups a 2-elhylha(yl group, an n-nonyl group, an n- 
decyl gnHJp, an n-lauryl group, an n-etearyl group, a 2-hydroxyetfvi group, an aOyl group, a 2,3-dichloropropyl ^oup and 
a 2,3-dibrQmopropyt group. Among these. In view of no rechiction in the dry etching rate, a non-cydlc hydrocarbon group 
having from 1 to 6 carbon atoms such as methyl, ethyl, n-propyl, i-propyl. n-butyl, i-butyl. t-butyl. n-perrtyl and n-hexyl. 

45 a 2-hydrGKyethyl group, an allyl groip, a 2.3<lichloroprQpyl group and a 2,3-dibromopropyl group are more preferred. 
The substitution number m on the 6-membered ring side directly oonnected by the vinyl group (-CbC-) represents 
an integer of from 0 to 2, and the substitution number n on the other 6-membered ring ekie represents an integer of from 
0 to 3. When n Is 2 or 3, the groups may be the same or different, and when m Is 2 or 3. the Z2 groups may be the 
same or different. 

so In the present invention, and A2 each is a monovalent or divalent aromatic or heteroaromatic ring group having 
from 5 to 14 caiton atoms, which may have a substituent. Examplee of the aromatic ring include a benzene ring, a 
naphthalene ring, an anthrac^e ring and a phenanthrene ring. Examples of the heteroaromatic ring include 5- to 14- 
membered heteroaromatic rin^ each havirig an oxygen, nitrogen or sulfur atom within the ring, sudi as a thiophene 
ring, a furan ring, a pyn-ole ring, an imidazoyi ring, an isothiazoyi ring, a pyrazpyl ring, an isoxazoyi ring, an indole ring 

55. and ari indazole ring. The aromatic or heteroaromatic ring may have a sJbstHuent and spedfK example of the substit- 
uent include an orgarvc groMp having from 1 to 20 carbon atoms. Examples of the organic group include an alkyi group, 
an alkenyl group, an acyl group, an alkoxy group and an alkoxycarbonyl group. Other than tiie organic group, a fluorine 
atom, a chk)rine atom, a l)romine atom, an iodine atom, a nitro group, a c^ano groif), a hydroxy groi^) and an amino 
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group iray be used as the eubstituent. Further, an aD^io group, an amino group, an N-organoanrtino group, an N.N- 
diorganoamino grotp and a morphoiino group may also be used as the substrtuent 

Ai and A2 each is preferably a divalent or monovalent group derived from a benzene ring, a naphthalene ring, an 
anthracene ring, a phenanthrene ring or a thiophene ring. 
s , X2, Zi , Z2, m, n, At and A2 in fonrnilae (XVI) to (XXIII) each has the same meaning as defined above. 

Ateo, Xt, X2. Zi. Z2. m, n and A, in formulae POCIV) to (XXVi) each has the same meaning as defined abova 

In the present Inventloa the polymer light absorbent preferably has a repealing structural unit represented by Ibr- 
mula (XXIV). (XXV) or (XXVI). 

The polymer light absorbent contains the repeating structural unit having a group represented by one of formulae 
10 (DQ to (XXVO in an amount of from 10 to 99 wt%. preferably from 30 to 97 wl%, more preferably from 50 to 96 wl%, 
based on the total amount of the polymer light absorbent 

Such a light ab8ort>ent exhibits great effect of preventing the reflected light due to suffidently high eodinction coef- 
ficient in the Oght absorbing area and further, is restrained in the reduction of the dry etching rate even when the amount 
of Gght absorbing area added Is increased to further increase the absort)ance, because the ratio (percent by weight) of 
IS cyclic cait)on8 contained in the light absorbing area, such as an aromatic ring, is small. 

Tlie bottom anti-reflective coaling material composition of the present invention comprises a polymer light absorb- 
ent having a sii)stltuent represented by a specSic structural formula on the side or main chain. The repeating unit of the 
polymer Oght absorbent may further be substituted by a group capable of thermal cross-linking reaction. When a group 
capable of thermal cross-linking reaction Is substituted, Intermixing can be further effectively prevented by heat-curing 
20 the cc^ng. Examples of the repeating unit substituted by a group capable of thermal cross-finking reaction include the 
repeating units represented by fonnulae (XXVII) and (XXVIIi) . 

in formulae (XXVIQ and (XXVI IQ, represents a hydrogen atom, a methyl group, a chlorine atom, a bromine atom 
or a cyano group. In formula (XXVII), represents an or^nic functional group having -CH2OH, -CH20R^ or • 
CH2OCOCH3 at the terminal. In -CH20R^, represents a hydrocartwn group having from 1 to 20 castxsn atoms. 
26 is preferably a group resulting from the reaction of -CONHCfr^OH, -CONHCH2OCH3, -CH^XOC^, -Cs^CHfiH, - 
C6H4CH2OCH3 or -CONHC(CH3)2CH2COCH3 with formalin. 

In formula (XXVIIi). B2 represents an organic functional group having an epoxy terminal group. Examples of the 
epoxy group which is preferably introduced as a group capable of thermal cross-linking reactkvi include the groups rq>- 
resented by the folfowing formulae: 



30 



3S 



■O — CH2 — CH — CH2 



-COl— CH2 — CH — CH2 



40 CO2 — CH2CH2 — CO2 — CH2 — CH — CH2 



4S 

The polymer light absorbent contains the repeating structural unit represented by formula (XXVII) in an amount of 
from 2 to 50 wt%. preferably from 5 to 30 wt%, based on the total amount of the polymer Oght abeoit^ent. 

The polymer light absorbent contains the repeating structural unit represented by formula (XXVIIi) in an amount of 
from 2 to 30 wt%. preferably from 5 to 20 wt%, based on the total amount of the polymer fight absoilsent. 
so The polymer light absorbent may be copolymerized together with the al3ove-described thermal cross-linking 
repeating unit or may be copolymerized, without containing such a repeating unit, together with a non-croes-linking 
r^}eating unit When a non-cross-linking repeating unit is copolymerized together, the dry etching rate and the reflec- 
tivity can be delicately controlled. Examples of the monomer constituting the non-crc^-iinking repeating unit include 
compounds having an addition polymerizable unsaturated bond such as an acryfic ester, a methacryOc ester, an aery- 
55 lamlde. a methacrylamkie, an allyl compound, a vinyl ether, a vinyl ester, a styrene and a crotonic acid ester. 

Specific examples thereof include: 

acrylic esters such as alkyl acrylate (the all^ group preferably has from 1 to 10 carbon atons) (ag., methyl acr- 
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ylat0. ethyl acrylate* propyl acrylate. t-bu^ acrylate, amyl acrytate. cydohexyl acrylate. ethylhexyt acrylate. octyl 
aoTtete, t-octyl aoylate, chloroettiyl acrylate, 2-hydroxyethyl acrylate, 2,2Kiimethymydrwypropyl acrylate, 5- 
hydraxypentyl acrybie. trimathylolprapane monoac^atB, pentHerythritol monoacrylate, benzyl aoylatei methoxy- 
benzyl acrylate, fioluryl acry^, tetrahydrofmluryl acrylate) and aryl acrylate (e g., phenyl acrylate. hydroxyphenyl 
acrylale); 

methacrylic esters such as all^ methacrylate (the alkyl gmup preferak)ly has from 1 to 10 caitxvi atoms) (e.g., 
methyl methaoytate, ethyl methacrylate, propyl mathacrylate. Isopropyl methacrylate. t-butyl methacrylate, amyl 
methacrylate, hexyl m^haorylate, cydohexyl methacrylate, benzyl methacrylate, chlorobenzyl methacrylate. octyl 
methacrylate, 2-hydrQxyethyl meth«;rylate, A-hydroxybutyl methacrylate, S-hydroKypentyl methacrylalB. 2,2-dlme- 
thyl-3-hydroxypropyl methacrylate, trimethylol propane monomethacrylatB. pentaerythritol monomelhacrylate. fur- 
furyl methacrylate, tetmhydrofurfuryl methacrylate) and aryl methacrylate (e.g., phenyl methacrytote, 
hydroxyphenyl methacrylatB, cresyl nurthacrylate, naphthyl methacrylate); 

acrylamides such as acrylamiderN-alkytecrytamlde (the alkyl group has from 1 to 10 caitxm atoms and examples 
thereaf include a methyl group, an ethyl group, a proi:^ group, a butyl group, a t-butyl group, a heptenyl groi^). an 
octyl group, a cydoh^ group, a benzyl group, a hydroxyethyl group and a benzyl group), N-arylacrylamide 
(iexamples of the aryl group include a phenyl group, a tdyl group, a nitrophenyl groif), a naphthyl group, a cyano- 
phenyl group, a hydrcKyphenyl group and a carboxyphenyl group), N.N-dialkylacrylamide (the alkyl group has from 
1 to 10 caitx)n atoms and examples thereof include a memyl group, an ethyl group, a butyl group, an isobutyl group, 
an ethylhexyl group and a cydohexyl group), N,N-arylacrylamide (examples of the aryl group Include a phenyl 
group). N-methyl-N-phenylaoyiamide, N-hydroxyethyl-NHiiethytacrylantide and N-2-acetoamidoethyl-N-acetylacr- 
ylamide; 

methacrylamMes such as methacrylamide, N-alkylmethacrylamide (the alkyl group has from 1 to 10 carbon atoms 
and examples thereof indude a methyl group, an ethyl group, a t-butyl group, an ethylhexyl group, a hydroxyethyl 
group and a cydohexyl groip), N-arylmethacrylamide (examples of the aryl group Indude a phenyl group, a 
hydroxyphenyl group and a cait>oxyphenyl group), N,N-dialkylmethacrylamide (examples of the alkyl group indude 
an ethyl group, a propyl group and a butyl group), N.N-diarylmethacrylamide (examples of the aryl groi^) Indude a 
phenyl group), N-hydroxyethyl-N-methylmethacrylamide. N-methyl-N-phenylmethacrylamide and N-ethyl-N-phe- 
nylmethacrylamide; 

ally! compounds such as allyl esters (ag., aflyl acetate, ally! caproate. allyl caprylate, allyl laurate, allyl pabnitate, 
allyl stearate, ally! benzoate, allyl acetoacetate, allyl lactate) and aDyloxyethanol; 

viriyl ethers such as alkyl vinyl ether (e.g., hexyl vinyl ether, octyl vinyl ether, decyl vinyl ether, ettiylhaxyl vinyl ether, 
methoxyethyl vinyl ether, ethoxyethyl vinyl ether, chloroethyl vinyl ether. 1-methyl-2.2-(fimethylpropyl vinyl ether. 2- 
elhylbu^ vinyl ether, hydroxyethyl vinyl ether, diethylene glycol vinyl ether, dimethylamlnoethyl vinyl ether, diethyl- 
aminoethyl vinyl ether, butylaminoethyl vinyl ether, benzyl vinyl ether, tatrahydroftirfuryl vinyl ether), vinylaryl ether 
(e.g., vinylphenyl ether, vinyltolyl ether, vinylchlorophenyl ether, vinyt-2,4-dichlorophenyl ether, vinylr^hthyi ether, 
vinylanthranyl ether): 

vinyl esters such ae vinyl butyrate, vinyl isobutyrate, vinyitrimethyl acetate, vinyldiethyl acetate, vinyl valerate, vinyl 
caproate, vfriyl chloroacetate. vinyl dichloroacelatB, viriylmethoxy acetate, vinylbutaxy acetate, vinylphenyl acelHte. 
viriyl acetoacetate, vinyl lactate, vinyl-p-phenyl butyrate. vinylcyclohexyl caitxxxylate, vinyl benzoate, vinyl sali- 
cylate, vinyl chlorobenzoate, vinyl tetrachlorobenzoale and vinyl naphthoale; 

styrenes such as styrene, aDcylstyrene (ag.. melhylstyrene, dimethylstyrene. trimethylstyrene. ethylstyrene, diethyl- 
styrene, isopropylstyrene, butytstyrene, hexylstyrene. cydohexylstyrene, decylstyrene, benzylstyrene. chlorometh- 
ylstyrene. trUluoromethylstyrene, ethoxyrnethylstyrene. acetoxymethylstyrene). alkoxystyrene (ag., 
methoxystyrene. 4-methoxy-3-methyl8tyrene, dimethoxystyrene). halogen styrene (e g., chlorostyrene. dlchlorosty- 
rene, trichlorpstyrene, tetrachlorostyrene, pentachlorostyrene, brontostyrena dik)romostyrene, iodostyrene, fluor- 
ostyrena trffluoroslyrena 2-bromo-4-trifluoromethylstyrene, 4-fluoro-3-trifluoromethyistyrene), hydroxystyrene 
(e.g., 4-hydroxystyrene, 3-hydroxy8tyrene, 2-^rQxystyrene. 4-hydroxy-3-methytetyrene. 4-hydroxy-3,5-dimethyl- 
styrene, 4-hydrQxy-3-methoxystyrena 4-hydroxy-3-(2-hydroxybenzyOstyrene and cartxaxystyrene; 
crotonic add ^ers such as alkyl crotonate (e.g.. butyl crotonate, hacyl crotonate, glycerol monocrotonatej, 
dialkyi itaccnates (ag.. dimethyl itaconate, diethyl itaconate. dibutyl itaoonate); 

diallqi esters of malelc add or fumarlc add (ag.. dimethyl maleate. dibutyl fumarate) or monoalkyi esters of maleic 
acidorfumaricadd; 

an acrylic acid, a methacrylic add, a crotonic add, an itaconic add, a maleic anhydrkje, a maleimida an acryloni- 
trOe. a methacrylonitrile and a maleylonltrile. In addition, an addition polymerizable unsaturated compound ca^Uble 
of popolymerization with the repeating structural unit used in the present Invention may be used. These may be 
used either individually or in combiruttion. 

The polymer light abeorfoent preferably has a repeating unit derived from a monomer containing a ^roxyl group. 
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When the repeating unit contains a hydroxyl groups the thermal croes-iinking property is intensSied. Preferred eKamplee 
of the mononter which can form a repeating unit containing a hydroxyl group, include 2-hy drox y el h y l (meth}acryf ate, 2- 
hydroxypropyl (m8th)acryla!e, ethylene glycol mono(meth)acrylate, polyethylene glycol niono(metti)acrylate, propylene 
glycol mono(m6th)acrytate, polypropylene glycol mono(meth)acryi8^ and their corr e spond i ng (meth}aGrylamide nnon- 
5 omer, vinyl alcohol, hydroxystyrene and hydroxymelhylstyrene. 

From the standpoint that good solvait solubility of the potymer can be kept without reducing the dry etching rate, 
an alkyi (meth)acry1ate monomer having an alkyi dialn having from 1 to 10 cartxsn atoms is atep pretended. 

N-vinylcarbazol can also be used as the norncross-linking monomer. 

TTie content of the non-cross-linking repeating unit Is preferat^y from 20 to 50 mol%, nnore preferably from 30 to 40 
10 mal%, based on all repeating urdts. 

Specific examples of the polymer Bght absoitent for use in the present invention are set forth below, however, the 
present invention Is by no means limited thereta 
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The polymer compound and the polymer light absorbent for use in the present invention can be synthesized by rad- 
ical polymerization, anion polymerization or cation polymerization, and in temrts of the polymer form, various methods 
such as solution polymerization, suspension polymerizationp emulsion polymerization and block polymerization can be 
used. The repeating unit containing a structure repres&ited by one of formulae (l)Q to (XXVI) can be synthesized by 
introducing an amino groif) into re^)ective Gght absort^enls and reacting it with (meth)aorylic add chloride in the pres- 
ence of a basic catalyst 

Further, the polymer light absorbent having a structure represented by one of formulae (XVI) to (XXIII) on the main 
or side chain for use in the present invention can be obtained as a polymer such as polyester, polyurethane, polyamide 
or polyureido by using a diol or diamine having a structure represented by one of formulae (XVI) to (XXIII) as a starting 
nnonomer and reacting it wrth a dtcarboKyiic acid dichloride compound or a diisocyanate compound. 

The nnlecular we^ht of such a homopolymer or copolymer of the polymer compound or the polymer light at)sort>- 
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ent varies depencfing on the coating aotvent used, the solution viscosity required and the ccmting shape reqidred, how- 
ever, the weight-average molecular weight thereof is umially from 1 ,000 to 1 .000,000, preferably from 2,000 to 300,000, 
more preferably from 3.000 to 200.000. 

The bottom anti-reflective coating material c onposi tion contains Ihe polymer compound or the polymer l^ht 
absorbent in an amount of preferebl y from 30 to 1 00 wl%, more preferably from 50 to 90 wt%, based on Ihe total soOds 
content 

The bottom anti-reflective coating material of the present invention is coated, for example, on a silicon substrate 
and a photoresist layer is coated thereon. In order to prevent intOTwng with the overcoat photoresist the coating layer 
after ttie coating on a silicon substrate or the like is preferatsly once cured and to fhSs effect, a thermal cross-Dnl^ 
agent is preferably added. Exanples of the thermal cross-Gnking agent used in oon<}ina1ion with the polymer com- 
pound or the polymer fight absoitent include the following compounds (b) and (c): 

(b) a metamine, guanamine. gtycduril or urea compound substituted by at least one substituent selected from a 
methylol group, an alkoxymethyl group and an acyloxymethyl group; and 

(c) a phenol, naphthcl or hydroxyanthracaie compound ^bstituted by at least one substituent selected linom a 
methylol group, an alkoxymethyl group and an acyloxymethyl group. 

The number of the methylol, alkoxymethyl or acyloxymethyl group as the substituent contained in component (b) is, 
In the case of a melamine compound, from 2 to 6, preferat}ly from 5 or 6, and In the case of a gtycoluril, guanamlne or 
urea compound, from 2 to 4. preferably 3 or 4. 

These methyk)! group-containing compounds can be obtained by reacting meiamine. glycojuril, guanamlne or urea 
with formalin In the presence of a bask: catalyst such as sodium hydroxide, potassium hydr(»ide, ammonia or tetraalky- 
lammonomium hydroxide. 

The alkoxymethyl group-containing compound can be obtained by healing the methylol group-oontaining com- 
pound in an alcohol in the presence of an add catalyst such as hydrochloric acid, sulfuric add, nitric add or meth- 
anesuHbnk; acki. The acyloxymelhyl group-containing compound can be obtained by mbdng and stirring the methytol 
group-containing compound with acyl chloride In the presence of a basic catalyst. 

Spedf ic examples of the compound having the ak^ove-described substituent are de^ribed below. Example of the 
meiamine compound indude compounds resulting from methaxymethylaling from 1 to 5 methylol groups of haxameth- 
ylolmelamine, hexamethoxymethylmelamine or hexamethylolmelamine, a mixture thereof, compounds resulting from 
acyloxymethylating from 1 to 5 methylol groups of haxamettioxyethylmelamina, haxaacylGKymelhylmelamine or hexanv 
ethylolmelamlne. and a mixture thereof. 

Examples of the guanamlne compound include compounds resulting from methoxymethylating from 1 to 3 mathytol 
groups of tetramethylolguanamine, teftramethoxymethylguanamine or tetramelfiytolguanamine, a mixture thereof, oom- 
pounds resulting from acyloxymethylating from 1 to 3 methytol groups of tetramethoxyethylguanamine, tetraacy- 
IcKymelhylguanamine or tetramethylolguanamine. and a mbdure thereof. 

Examples of the glyooluril compound indude compounds resulting from methoxymethylating from 1 to 3 methylol 
groups of tetramelhylol gtycoluril, tetramethoxymethyl glycoluril or tetramelhylol gtycoluril, a mixture thereof, oom- 
pounds resulting from acyloxymethytating from 1 to 3 methylol groups of tetramethylol glycoluril, and a mixture thereof. 

Examples of the urea compound include compounds resulting from methoxymethylating from 1 to 3 methylol 
groups of teframsthylolurea, tetramethoxymethylurea or tetramethytolurea. a mixture thereof, and tBtramethoxyethytu- 
rea. 

These compounds may be used either individually or In combination. 

The kxntom anti-reflective coating material composition of the present invention contains component (b) in an 
amount of from 2 to 50 wt%, preferably from 5 to 30 wt%, based on the solids content. 

The phenol, naptithd or hydroxyanthraoene conrpound substituted by at least one group selected from a methylol 
groups an alkoxymethyl group and an acyloxymethyl group, which is contained as component (c), prevents intermixing 
with the overcoat photoresist by the thennaf cross-finking and further inaeases the at)sort)ance of Ihe bottom anti- 
reflective coating material composition, similarly to component (b). 

WHh respect to the number of methylol, acyloxymethyl or alkoxymetfiyt groups contained in component (c). at least 
two groups are necessary per one molecule and in view of the thermal cross-linking property and storage stability, com- 
pounds in which the phenolic OH group has a substituent aO at the 2-posrtion and the 4-posi1ion thereof, are prefen'ed. 

In the naphthd or hydroxyanthraoene compound as a skeleton, ttie OH group is preferably unsii)stituted at the 2- 
position. 

The phend compound as a skeleton may or may not have a substituenl at the 3- or 5-position. Also in the naphthpl 
contpound as a skeleton, the OH group may or nmy not teve a substituent at the sites exdudve of the 2-position. 

The methylol group-containing compound can be obtained by reacting a phenolic OH group-containing compound 
used as a starting material, in which the phenoOc OH group has a hydrogen atom at the 2- or.4ix>sHion, with formalin 
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in the presence of a base catalyst such bs sodum hydroodde, potassium hydroxide, ammonia or tetraalkylammonium 
hydroxide. 

TYie alKDxymettiyl group-containing compound can be obtained by heating the above-descrtoed methytol gfoufy- 
containing compound In an alcohd in the presence off an acid catalyst such as hydrxhloric acid, sulfuric acid, nitric add 
or msthanesuKbnic add. 

Tlie acylQxymethyl group-containing compound can be obtained by reacting the above-described methylol group- 
containing compound with acyl chloride in the presence of a basic catalyst 

The skeleton compound which can be used is a phenol, naphthd or hydroxyanthracene conpound in which the 
phenolic OH group s unsubstltuted at the 2- or 4-positlon and e}»mple5 thereof Indude phenol, o-cresoi, m-cresol, p- 
cresd, 2.3-xylenol, 2.5-xylenol, 3,4-xylenol, 3,5-xylenol, bisphenols such asblsphenol A. 4,4'-bshydrQxybiphenyl, Tre 
P-PA (produced by IHonshu Chemical Industry Ca, Ltd.). naphthd, dihydroxynaphthalene and 2,7-dihydroxyanthra- 
cene. 

Specrfic examples of component (c) include compounds resulting from methoxymethylating 1 or 2 methylol groips 
of trimeti^dphenol, tri(methQxymethyl)phencl or trlmethytolphend. compounds resulting from methoxymethytating 1 
or 2 methylol groips of trimethylol-S-aesol, triCmethaxymethylj-S-oesd or trimethylol-S-cresd, dimethylolaesols sudi 
as 2,6<limelhylol-4-cresol. compounds resulting from methoxymethylating from 1 to 3 methylol groups of tetrametl^l- 
bl^hend A, tetramethoxymethylbisphend A or tetramethylolbisphend A. compounds resulting from methoxymethylat- 
ing from 1 to 5 methytol groups of tetramethy!oi-4.4*-bishydroxybiphenyf, tetramethoxymethyl-4.4'-bishydrQxybiphenyl, 
hexamethylot Ibrm of Tris P-PA, haxamethoxymethy! form of Tris P-PA or hexamethyl form of His P-PA, and bishy- 
droxymethytnaphthalenedids. 

Examples of the hydrmcyanthracene compound indude 1 ,6-dihydrcKymethyl-2,7-dihydroxyanthracene. 

Examples of the acyloxymethyl group-containing compound indude compounds resulting fnm acyloxymethylating 
a part or all of the methyld groups of the above-described methybl group-containing compound. 

Among these compounds, preferred are trimethylolphenol, bishydraxymethyl-p-cresol, tBtramethyloitnshenol A, 
hexamethylol of Tris P-RA (produced by Honshu Chemical Industry Ca, Ltd.), and phenol compounds derived there- 
from in which the methytol groip is substituted by an alkoxymethyl group or by both a methyld group and an alkoxyme- 
thyl group. These may be used either individually or in combination. 

Component (c) is contained in the composition of the present invention in an amount of firom 2 to 50 wt%, preferably 
from 5 to 30 wt%. based on the sdids oontenL 

TTie bottom anti-reflective coaling composition of the present invention may contain a separate light absorbent, an 
adhesion aid, a surface active agent or a heat add generator, if desired. 

Examples of the separate light absoibent indude connmerdally available light adsorb&rts descrO^ed in Kb gyo-yo 
Shikiso no Gijutsu to Shljo (TechnoloQV and Market of industrlai E)yes). CMC Shuppan. and Senrvo Binran fE)vestuffs 
Handbool^ . compiled by MjKI Gosei Kagaku Kyokai, and for example. C.I. Disperse V^tow 1, 3, 4, 5, 7, 8, 13, 23, 31. 
49, 50, 51. 54, 60, 64. 66, 68. 79, 82. 88. 90. 93, 102. 114and 124, C.L Disperse Orange 1 . 5. 13, 25, 29. 30, 31, 44. 
57. 72 ard 73. C.I. Disperse Red 1. 5. 7, 13. 17, 19, 43. 50, 54, 58. 65. 72, 73, 117. 137, 143. 199 and 210, C.I. 
Disperse Violet 43, C.l. Disperse Blue 96, C.I. Fluorescent Brightening Agent 112, 135 and 163. C I. Solvent Orange 2 
and 45, CI. Solvent Red 1 . 3, 8. 23. 24. 25. 27 and 49. CI. Foment Green 10. and CI. Pigment Brawn 2 may be suit- 
ably used. The light absoibent is usually blended in a proportion of 50 parts by w^ht or lees, prefeiabiy 30 parts by 
weight or less, per 100 parts by weight of the bottom anti-ref lective coating composition. 

The adhesion aid is added mainly for the purpose of improving the adhesion between the substrate or reast and 
the bottom anti-reflective coating composition, particulariy for preventing the peeling of the resist in the etching process. 
Gpedf Ic Bxamplee thereof include chiorosllanes such as Irimethytehlorosilane. dlmethyMnylchlorosilane, melhyldiphe- 
nylchlorosilane and chloromethyldimethylchlorosilane. alkoxysilanes such as trimethylmethoxysilane. dimethylcfiethox- 
ysllane, metl^dimethoxysDane, dimeitiyMnylethcKyslane, diphenyldimethcKysOane and phenyftriethoxysllane, 
silazanes such as hexamethytdisOazane. N,N*-bis(1rim8tiiyteilyl)urea. dimethyltrimethylsilylamine and trimethylsilylimi- 
dazole. sitetnes such as vinyltrichtoiDSiiane, 'rchtoroproi^trimethoi^'lane. r-aminopropyttriethoxysilane and y^yci- 
doxypropyltrimethoxysilane, heterocyclic compounds such as benzotriazole, benzimidazole, indazde, imidazole. 2- 
mercaptobenzimidazole, 2-nnercaptobenzothiazole, 2-mercaptcbenzoxazole. urazolthiouracil, mercaptoimidazole and 
mercaptopyrimidine, and ureas and thiourea compouncfe such as 1 ,1-dimethylurea and 1 ,3-dimethylurea. 

Tlie adhesion aid is usimlly blended in a proportton of less than 1 0 parts by weight, preferably less than 5 parts k>y 
wtight, per 100 r^uls by weight of the bottom anti-reflective coating composition. 

The bottom anti-reflective coating composition of the present invention may oontain a surface active agent so ^ tQ 
further improve the coaling property such as striation. 

Examples of the surface active agent include a nonlonic surface active agent such as polyoxyethylene alkyi ethers 
(&g., polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, polyoxyethylene cetyl ether, polymyethylene 
ether), polyoxyethylene alkylaDyl ethers (e.g., polyoxyethylene octylphenol ether, polyoxyethylene nonylphenol ether). 
polyQxyethylene*polyoKyprQpy!ene block copolymers, sorbitan fatty add esters (e.g., sorbitan monolaurate, sorbitan 
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rronoralmitate, soifoHari morn>ste^ 

nesoititan titty acid esters (eg., potyoxyethyleneeoititan monolaurate, potyoxyethylenesoiWtan monopalmitate. poly- 
oxyBthylen8sort>itan monostearate, polyoxyetli/lenesorbitan trioleate, polyoxyethylenesorbitan tristearate). a fluorine- 
base surface active agent such as Eftop EF301 . EF303. EF352 (all produced by Shin Akita K^ei KIQ. Megafac F1 71 . 

5 F173 (both produced by Dainippon Ink and Chemicals, Inc.). Fksiad FC430. FC431 (both produced by Sumitomo 3M 
KK). Asahiguand ^710 and Surflon S-382. SC101. SC102. SC103. SC104. SC105. SC106 (all produced k>y 
Glass Co.. Ltel.}. Organosilcxane Polymer KP341 (produced by Shin-Etsu Chemical Co.. Ltd.). and an acrylic acid-base 
or methffisrylk: acid-base (oo)polyrner such as Polyflaw No. 75. Na 95 (produced by Kyoelsha Chemical Ca, Lid.). 
Among these surface active agents, a fluorine-base surface active agent and a silicon-base surface active agent are 

ro preferred. The surfece active agent is usually blended In an amount of 2 parts by weight or less, prefarat^ 1 pari by 
weight or less, per 1 00 parts by weight of the solids content in the composition of the present invention. 
The above-desait)ed surface active agents may be added individually or in oombinatbn. 
Examples of the heat acid g&imlor include kxtonium salts, sulfonium salts, diazonium ^ts. iniidosuitonates, 2- 
nitFobenzyltosylate. and organic suffbnk: add alkylesters. Particularly, from the standpoints of acid generation efficiency 

15 and storage stability, diaryl iodonium salts are preferred. As the aryl group, an unsubstituted or alkyl-»it»tituted phenyl 
group and particularly an unsubstituted phenyl group or a phenyl group having a C|.ia alkyi substitueni at the p-positlon 
are preferred from the standpoint of solubility. As the counter anion, anions such as habgen, organic sutforute, BF4 and 
PFe are suitably used. 

The bottom anti-reflective coating composition comprising a polymer light absorbent, a light absQrt>ent, an adhe- 
20 sion aid, a surtece active agent and the like is usually dissolved in an appropriate sdv^. Examples of the solvent 
which can be used for dissolving these include etiiylene glycol monomethyl ether, ethylene glya>l monoethyl ether, 
methyl cellosolva acetate, ethyl celtosolve acetate, diethylene glycol monomethyl ether, diethylene glycol monoethyl 
ether, propylene glyod methylether acetate, pro^ene glycol propylether acetate, toluene, xylene, metl^ ethyl ketone, 
cydopantanona. cyclohaxanone, ethyl 2-hydroxypropionate. ethyl 2-hydrQ)(y-2-methylpropionate, ethyl ethaxyacetate, 
25 ethyl hydroxyacetate, methyl 2-hydroKy-3-metliylbutanoate, methyl 3<nethoxypropionate, ethyl S-methoxypropionate, 
ethyl S-ethoxypropionate. methyl 3-ethoxypropionate, methyl pyruvate, ethyl pyruvate, ethyl acetate, butyl acetate, 
methyl lactate and elhyl lactate. These organic solvents may be used individually or In combinaticn of two or more. 

Further, a high boiling point solvent such as N-methylformamide. N,N-dimethylformamide, N-methyldcetamide, 
N,N-dimethylaoetamide, N-methytpyrrolktone, dimethyl sutfoxide and benzyl ethyl ether, may be used In combination. 
50 Among these solvents, propylene glycol methyl ether acetate, ethyl 3-ethoxypropionate and methyl lactate are pre- 
ferred in view of safety. 

The bottom anti-reflective coating compo^on of the present invention Is usually used as follows. The bottom anti- 
reflactive coating composition is dissoh^ed in a solvent having concentration of about 10 wt% and coated on a substrate 
as ised in the production of a predston integrated drcuit element (for example, a trareperent substrate such as sill- 

ss conAsilicon dioxide coaling, glass substrate and ITO substrate) by an appropriate coating method such as spinner or 
coater to form a t}ottom anti-reflective coating. In the case when the composition contains a thermal aoss-llnking agent 
or when the polymer light absorbent has a thermal cross-linking subslituent, after the coating, the coaling is cured by 
heating it at a predetermined temperature. The bottom anti-reflective coaling prefarabty has a thickness of from 0.01 io 
3.0 \im. The heating after the coating is performed at a temperature of from 80 to 250^0 for from 1 to 120 minutea On 

40 the thus-obtained anti-reflective coating, a photoresist is coated and then e^qposed through a predetermined mask. 
Examples of the light source tor exposure include i Bne of mercury as the light having a wavelength of 365 nm, KrF exd- 
mer laser light as the light l^ng a wavelength of 248 nm, and ArF excimer laser light as the light having a wavelengtii 
of193nm. 

After heating (post exposure bake, hereinafter refeired to as "PEB") if desired, the laminate is devetoped, rinsed 

4S and dried to obtain a photoresist 

In the present invention, the resist coated on the bottom antkeflective coating may be either negative or positive, 
however, a chemical amplification type resist comprising a binder having a group capable of decomposing by a photo 
add generator and an acid to increase the alkali dissolution rate, a chemical ampGTication type resist comprising an 
alkali soluble tsinder and a tow molecuter compound capable of decomposing by a photo add geneiator and an add to 

so increase the alkali dissolutton rate of the resist, or a chemical amplification type resist comprising a binder capable of 
decomposing by a photo add generator and an add to increase the alkali dissolution rate and a low molecular com- 
pound capable of decomposing by an acid to Increase the alkali diseolutton redst may be suitably used. Exanples 
thereof indude ARCH-2 produced by Fuji Hunt Microelectronics KK. 

Examples of the de^toper suitable tor a pc^tive photoresist composition using the bottom anti-reflective coating 

BS compc^tion of the present invention, include an aqueous solution of inorganic alkalis such as sodium hydroxide, potas- 
sium hydroxide, sodium caitx)nato, sodium silicate, sodium metadlicate and aqueous ammonia, an aqueous solutton 
of primary amines such as ethylamine and n-propylamine, an aqueous solution of secondary amines sudi as diethyl- 
amine and di-n-butylamine, an aqueous solution of tertiary amines such as triethylamine and msthykfiethylamine, an 
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aqueous &>lution of alcohol amines such ais (fimethylethanolamine and triethandamine. an ac^mjs solution of quaier- 
nary ammonium salts such as tetramethytammonrum hydroxide and tetmethylammomum hydroxide, and an aqueous 
solution of cyclic amines such as pyrrole and piperazine. Further, an aioohoi such as isopropyl aloohd or a «jrface 
active agent such as a nonionic surface active agent may be added to and used in an 

5 appropriate anvujnt 

Among the abcve-descrit^ed developers, quaternary ammonium salt is preferred, and tetramethylammonium 
hydroxide and choline are more preferred. 

TTie composition for a bottom anti-reflective coating material of the present invention exhibits great effect of pre- 
venting Ihe reflected light due to sufficiently high extinction coaffidM in the light absortiing area and further, is 
10 restrained in the reduction of the dry etching rate wen when the amount of light absortiing area added Is increased to 
further increase the ab^aitance, because the ratio (percent by weight) of cyclic carbons contained in the light absorbing 
area, such as an aromatic ring, is small. 

TTie present invention is described in greater detail below by referring to the Examples, however, the present inven- 
tion should not be construed as beirig limited thereto. 

IS 

SYNTHETIC EXAI^PL£1 
Synthesis of Compound (10): 
20 Synthe^ of Monomer: 

130 g of 24iydrQxyethyl methacrylate and 190.5 g of 2-chloronaphthoyl were added lo 600 ml of acetone and 
thereto^ 101 g of triethylamine was added dropwise. The mixture was reacted at 40^C for 4 hours, 2 / of distilled water 
was added thereto^ and the product precipitated was coDected by decantalion. The product was purified by a silica gel 
2s column chromatography. Yield: 75%. 

Synthesis of Polvmer: 

1 0 g of the monomer prepared atrave and 10 g of methyl methacryfate were dissolved in 60 g of DMF, then the reac- 
90 tion solution was heated at 65"C and at the same time, nitrogen was blown into the reaction solution for 30 minutes. 50 
mg of V-65 (produced by Wako Pure Chemical Industries, Ltd.) as a polymerization Initiator was added ^ee times 
every 2 hours. The reaction product was repredpitated in W of distilled water and recovered as powder. The polymer 
obtained was subjected to GPC analysis and found to hem a weight-average molecular weigfit in terms of standard 
polys^ene, of 34,000. 

3S 

Synthesis of Compound (1 3): 

.40 Svnthem of Monomer : 

144 g of 2-hydroxyprcpyl methacrylate and 190.5 g of 2-Moronaphtlioyl were added to 600 ml of acetone and 
theretOb 101 g of trietfiylamine was added dropwisa The mixture was reacted at 40*C for 4 hours, 2 / of distilled water 
was added thereto, and the product precipitated was collected by decantation. 
45 The product was purified by a silica gel column chromatography. Yield: 80%. 

SynlhewofFoiYmer: 

1 2 g of the monomer prepared above and 1 0 g of 2-hydroxyproi^l methacrylate were dissolved in 60 g of DMF, then 
so the reaction solution was heated at 65^ and at Ihe same lime, nitrogen was blown into the reaction solution for 30 min- 
utes. 50 mg of V-65 (produced by Wal«) Pure (Chemical Induetries, Ltd.) as a polymerization Initiator was added three 
times every 2 hours. The reaction product was reprecipitated Inl / of ditiilled water and recovered as powder. The pol- 
ymer obtained was sut^ected to GPC analysis and found to have a weight-average molecular weight in terms of stand- 
ard polystyrene, of 25,000. 
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SYNTHESIS gXAMPI-^ 3 
Syrrttiesis of Compound (14): 
ff Synthesis of Monomer: 

142 g of gtyddyl methacrylaie, 172 g of Z-naphthoic add and 0.5 g of methoxyhydroqulnone were cdded to 600 nil 
of acetone and thereto, 101 g of triethylamine was added dropwiee. The mixture was reacted at 70^C for 4 hours, 2 / of 
distiDed water was added thareta and the product predpitatad was collected 1:^ decantation. The product was purified 
10 tay a silica gel odumn chro ma to g raphy. Yi^: 60%. 

Synthesis of Pdvmer: 

12 g of the monomer prepared at)ave and 8 g of acrylonitrfle were dissolved In 60 g of DMR then the reaction sdu- 
15 tion was heated at SS^'C and at the same time, nitrogen was blown into the reaction solution for 30 minutes. 50 mg of 
V-65 (produced by Wcto Pure Chemical Industries, Ltd.) as a polymerization initiator was added three times every 2 
hours. The reaction product was repreciprtated inl / of distiiled water and recovered as powder. The polymer otJtalned 
was subjected to QPC analyw and found to have a weight-average molecular weight, in terms of standard polystyrene, 
of 19,000. 

20 

gYNTHESIS EXAMPLE 4 
Synthesis of Compound (15): 
25 Synthesis Of Itoiomer: 

160 g of diethylene glycol acrytale and 1 90.5 g of 2-chloronaphthoyl were added to 600 ml of acetone and thereto, 
101 g of triethylamine was added dropwise. The mixture was reacted at 40**C for 4 hours. 2 / of distilled water was 
added thereto, and the product predpitated was cdlected by decantation. The product was purified by a siGca gel col- 
30 umn chromatography. Yield: 60%. 

Synthesis of Polymer: 

12 g of the monomer prepared above and 10 g of diethylene glycol acrylate were dissolved in 60 g of DMF, then the 
3S reaction solution was heated at 65°C and at the same time, nitrogen was blown into the reaction solution for 30 minutes. 
50 mg of V-65 (produced by Wako Pure Chemical Industries, Ltd.) as a polymerization initiator was added ^ee times 
every 2 hours. TTie reaction product was repredpitated in 1 / of distilled water and recovered as powder. T^e polymer 
obtained was subjected to GPC analyas and Ibund to have a weight-average molecular weight, in terms of standard 
polystyrene, of 52,000. 

40 

SYNTHESIS pcAMPI^ 5 
Synthesis of Compound (16): 
4S Synthesis of Mononrer : 

1 03 g of 5-aminopentanol and 400 g of dicxane were added to 198 g of 2,3-naphthalenedicait)0}^ic acid anhydride 
and the mixture WHS reacted at 80^ for 4 hours. 200 g of the Imlde form obtained was dissolved In 500 got DMF. 74 g 
of methaayloyi chloride was added thereto, and then 72 g of triethylamine was added dropwisa The mixture was 
so reacted at 40^C for 4 hours. 2 / of distilled water was added thereto, and the product precipitated was collected by fil- 
tration. The pnxluct was recrystallized with ethyl acetate/hexane. Yield: 72%. 

Svnthteis of Polvmer : 

ss 12 g of the monomer prepared above and 1 0 g of 2-hydrQxyethyl methacrylate were dissolved in 60 g of DMF, then 
the reaction solution was heated at BS'C and at the same time, nitrogen was blown into the reaction solution tor 30 mn- 
utes. 50 mg of V-65 (produced by Wako Pure Chemical Industries, Ltd.) as a polymerizalion initiator was added three 
times every 2 hours. The reaction product was repredpitated in 1 / of distilled water and recovered as powder. The pol- 



EP0 851300A1 

ymer obtained was sut^ected to GPC analysis and found to have a weigM-average nmecuiar weight, in terms of stand- 
ard polystyrene, of 41 ,000. 

SYrsiTHESISPCAMPLfS 

Synthe^ of Conipound (27): 

18 g of the methacrylate monomer obtained in the monomer synthesis in Synthesis Example 2, 2.5 g of N-methyl- 
olacrylamide and 16 g of 2-hydrGKye1hyl acrylate were dissolved in 60 g of DMF, then the reaction sofut'ion was healed 
10 at 65^C and at the same lime, nitrogen was blown into ^e reaction sdufon for 30 minutes. 50 mg of V-65 (produced by 
Wako Pure Chemical Industries, Ltd.) as a pdymerizalion initiator was added three times every 2 hours. The reaction 
product was repredpHHled In 1 / of distiDed water and recovered as powder. The polymer obtained was subjected to 
GPC armlysis and found to have a weight-average molecular weight, in tenro of standard polystyrene, of 18,000. 

75 SYNTHESIS iXAMPlfi 7 
Synthesis of Compound (22): 

24.4 g of dimethyl 2,3-fiaphthalenedicartx>xylate was added to 21 ^ g of diethylena glycol and thereto, 0.02 g of cal- 
20 cium acetate and antimony trioxKle were added as catalysts. The mixture was heated up to 200''C while blowing nitro- 
gen gas thereinta TTie temperature was further raised under reduced pressure to distill off exoessive diethylene giyool, 
thereby obtaining the objective polymer. 

SYNTHESIS QF COMPARATIVE gXAMPI^ 1 

208 g of 9-hydrDxymethylanthraoene, 1 01 g of triethylamine and 1 g of hydroquinone were dissolved in 1 / of DMF 
and th&eto, 90 g of acryloyi chloride was added dropwise over 2 hours under the control such that the liquid tempera- 
ture of the reaction solution did not exceed 30''C. Then. 2 / of distilled water was added and the crude crystal precipi- 
tated was ooltected by f iltralion. The crude crystal obtained was recrystallized with ethanol/water. Yield: 75%. 

30 7 g of the acryl monomer obtained and 12 g of methyl acrylate were dissolved in 60 g of DMF. then the reaction 
solution was heated at 6S^C and at the same time, nitrogen was blown into the reaction solution fcr 30 minutes. 50 mg 
of V-65 (produced by Wako Pure Chemical Industries. Ltd.) as a polymerization initiator was added three times every 2 
hours. The reaction product was reprecipltated In 1 / of distilled water and recovered as powder. The polymer obtained 
was subjected to GPC analysis and found to have a welght-ayerage molecutar weight In terms of standard polystyrene. 

35 of 4.000. 

EXAMP(-ES 1 TQ 6 ANP COMPARATIVE EXAMPLE i 

18 g of each polymer Oght absort)ent obtained in Synthesis Examples 1 to 6. 2 g of hexamelhoxymetf^melamine 
.40 and 0.30 g of diphenyl lodonium tosylate were dissolved in etiioxyethyl propionate to obtain a 10% solution and the 
resulting solution was filtered through a Tefbn-made microf liter having a pore size of 0.10 pm to prepare a bottom anti- 
reflective coating solution. This coating solution was coated on a silicon wafer by means of a spinner and heated on a 
vacuum contact system hot plate at 170"C for 3 minutes to form a bottom anti-reflective coating. In the same manner, 
a bottom anti-reflective coating solution was prepared from tiie polymer obtained in Synthesis of Comparative Example 
45 1. 

EXAMPI-g8 7TQ1g 

Bottom anti-reflective coating solutions of Examples 7 to 12 were prepared in the same n^nner as in Examples 1 
so to 6 except for using 2.0 g of hexamethylol form of Tris P-PA (produced by Honshu Chemical Irvlustry Co., Ud.) in place 
of hexamelhoxymethylmelamine in Examples 1 to 6. 

EXAMPLE 13 

55 A bottom anti-reflective coating solution of Example 13 was prepared In the same manner as in Examples 1 to 6 
except that 3 g of hexamethoxymethylmelamine was added to 5 g of the polymer obtained in Synthesis Example 7 and 
the mixture was dissolved in etiiyi lactate to obtain a 1 0% solution. 

. Each bottom anti-reflective coating solution of Examples 1 lo 13 and Comparative Example 1 was fOtered through 
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a TeHon-made microfOter having a pore &ze d 0.10 [un coated on a silicon wafer by means of a spinner and then 
heated on a vacuum contact system hoi plate at ITO'^C for 3 n^utes to fomi a txjttom anti-reflective coating. 

The bottom anti-reflective coatings prepared aO were regulated to have a thickness of 0. 1 7 ^m. Each bottom anti- 
reflective coating was dipped In a coating solvent used for the r^ist. such as irbutyrolactone or ethoxy^hyl propionate. 

5 and verifisd to be Insoluble in the solvent 

On each bottom anti-reflective acting obtained, ARCH-2 (produced by Fup Hunt Electronics Tedinotogy KK) as a 
positive photoresist tor KrF exclmer laser was coated (thickness: 0.65 pm), exposed using a reduction projection expo- 
sure apparatus (NSR-2005^ nianufactured by Nikon KK), subjected to post exposure baking at 110''C for 60 sec- 
onds, devetoped with a 2.38% aqueous tstramelhylamnnonium hydroodde sotution for 1 minute and then dried for 30 

10 seconds. The thus-obtained resist pattern on the siDoon wafer was observed through a scanning type electron nrticro- 
scope and examined on the limiting resolution and the fSm thickness dependency. Further, the coating absoft)ance at 
248 nm and the dry etching rate were also evaluated. 

In the measurement of the coating absort^ce at 248 nm, each composition for a l»ttom anti-r^lecbve coating 
material was coated on a quartz plate, then dried by heating to form a coating, and the coating was measured by a 

15 spectrophotonneter LIV-240 manufactured by Shiniadzu Corp^^ 

The limiting resolution means a limiting resolution at tiie exposure amount necessary for reproducing a mask pat- 
tern of OJSO \m when the film thtekness Is 0.85 pirn. The film thickness dependency was evaluated by the ratio of the 
sensitivity with ihe resist film thickness of 0.85 Min to the sensitivity witii the film thickness of 0.87 pm. A value doeer to 
1 .0, namely, the lower dependency, Is preferred. 

20 The dry etching rate was measured under the condition of kv means of CSE- 1110 manutactured by ULVAC 
Japan, Ltd.. 

The evaluatton results are shown In lable 1 betow. It is seen from the resuHs that the compositton for a bottom anti- 
reflective coating matenal of the present invention has a high coating absort>ance, Is improved in tiie limiting resolution 
of the photoresist, and is reduced in the film dependency of the sensitivity ascribable to the standing wave resulting from 
25 the decrease of reflected light linom the substrate. 



1ABLE1 



30 


Compound 


Coating Absorb- 
ance at 248 nm 
(/iim) 


Limiting Resolution 
(Mm) 


Film Thickness 
Dependency 


Dry Etching Rate 
(A/min) 




Example 1 


8.011 


0.27 


0.98 


683 


SB 


Example 2 


8.373 


0.27 


0.98 


662 


Example 3 


7.893 


0.27 


0.98 


»1 




Example 4 


7.968 


0.27 


0.98 


683 




Example 5 


8.011 


0.27 


0.98 


679 




Examples 


8.718 


0.27 


0.98 


690 




Exantple? 


7.339 


0.27 


0.98 


622 




Examples 


7.493 


0.27 


0.98 


601 




Example 9 


7.037 


0.27 


0.98 


623 


45 


Example 10 


7.011 


0.27 


0.98 


618 




Example 11 


7.176 


0.27 


0.98 


598 




Example 12 


8.718 


0.27 


0.98 


590 


SO 


Example 13 


9.314 


0.27 


0.98 


659 




Comparative Exanh 
plel 


8.157 


0.28 


0.97 


512 



55 SYNTHETIC EXAMPLE 8 

Conpound (40) as the polymer I^W absoibent was synthesized. 
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204 g of 1-phenylnaphlhalene was nitrated in 1 i of acetic acid using nitric add. The product was reduced using a 
reduced iron to obtain 1-(4-anfiinophenyi}naphtlialene (yield: 39%). 
5 1 10 g of the amine obtained above and 55 g of acryloyl chloride were added to 600 ml of acetone and thereto, 51 
g of triethylamine was added dropwise. The mixture was reacted at 40''C for 4 hours, 2 / of distilled water was added 
thereto and the product predpHBted was collected by littratlon (yield: 75%). 

Syntherc of Polymer: 

10 

10 g of the monomer prepared above and 8 g of N-methylolacrylamide were dissolved in 40 g of DMF. then the 
reaction solutbn was heated at 65^0 and at the same time, nitrogen was blown Into the reaction solution for 30 minutes. 
50 mg of \^65 (produced by Wako Pure Chemical Industries, Ltd.) as a polymerization initiator was added three times 
every 2 hours. The reaction product was reprecipitated In 1 / of distilled water and recovered as powder. The polymer 
75 otJtained was subjected to GPC analysis and found to have a we^ht-average molecular weight in terms of standard 
polystyrene, of 24,000. 

SYNTHESIS EXAMPLE 9 

20 Compound (41) as the polymer light absorbent was synthesized. 
Synthesis of Mmtwner: 

202 g of 1-bromo-4-nitrobenzene and 207 g of 2-bromonaphthalene were subjected to Ullmann coupling using a 
25 copper catalyst. The product was purified by a column chromatography to obtain 2-(4-nitrophenyOnaphithalene. The 
product was reduced using a reduced Iron to obtain 2-(4-aminophenyi)naplithalene (yield: %%). 

1 09 g of the amine obtained above and 55 g of aayloyi chloride were added to 600 ml of acetone and thereto. 51 
g of triethylamine was added dropwise. The mixture was reacted at 40^C for 4 hours, 2 / of distilled water was added 
thereto^ and the product precipitated was collected by filtration (yield: 68%). 

gyrtfhfl^gfPPlYmftr: 

1 0 g of the monomer prepared above, 8 g of 2*hydraxyethyl methacrylate and 4 g of matfiyt methacrylate were dis- 
solved In 40 g of DMF. then the reaction solution was heated at 65^0 and at the same time, nitrogen was blown into the 
3S reactfon solution for 30 minutes. 50 mg of V-85 (produced by W^l^ Pure Chemical Industries, Ltd.) as a polymerization 
initiator was added three times every 2 hours. The reaction product was reprecipitated in 1 / of distilled water and recov- 
ered as powder. The polymer obtained was subjected to GPC analysis and found to have a weight-average molecular 
weight in terms of standard polystyrene, of 48,000. 

40 SYNTHE$IS EXAMPLE 10 

Compound (36) as the polymer light absorbent was synthesized. 

Syntheris of Monomer: 

4S 

50 g of (4-nitrobenzyl}tripheny!phosphonium bromide and 18.6 g of 6-metiioxy-2-naphthoaldehyde ware dissolved 
in ethanol and thereto. 54 g of socfium ethoxide was added and reacted. Water was added to the reaction edutfon to 
predpitato crystals (yield: 67%) 

The crystal obtained was reduced in acetic acid using a reduced iron to reduce the nitro group into an amino group. 
so TTie aniGne form obtained was converted Into a methacrylamide-type monomer in DMF with methacryliG acid chlo- 
ride and triethylamine. 

Svnthesb of Polvmer : 

5f 1 0 g of the monomer prepared above, 6 g of 2-hydrQxyethyl methacrylate and 4 g of methyl methacrylate were dis- 
solved in 40 g of DMF, then the reactfon solution was heated at eS'^C and at the same time, nibogen was blown into the 
reaction solution for 30 minutes. 50 mg of V-65 (produced by Wako Pure Chemical Industries. Ltd.) as a polymerization 
initiator was added ttiree times every 2 hours. The reaction product was reprecipitated In 1 / of distilled water and recov- 
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ered as powder. TTie polymer otytained wsffi subjected to GPC analy^ and found to a weight-avefage molecular 
weight in ternw of etandard poiyetyrene, of 21 .000. 

SYNTHESIS EXAMPLE 11 

Compound (44) as the polymer light at)80it>ent was synthesized. 

9.44 g of 1 -hydrcKy-2-(4-hydroxyphenyOnaphthalen8. 5.40 g of 1 ,4-biJtanediol and 16.8 g of heKamettiylens dlteo- 
cyanate were dissolved in 100 g of dimetl^cetamide. After adding 0.02 g of n-butyttin dilaurate as a catalyst was 
addedp the Million was reacted by heating al 160^. Tlie product was repredpitated in water and recovered. The 
70 molecular weight was measured by GPC (THF solvent-base) and found to be 4,900. 

SYNTtiPSiS PF QQMPABAnVE BGjMVIPI^ 2 

208 g of 9-hydrQxymetfiytantiiracene, 101 g of triethylamirie and 1 g of hydroquinone were dtesolved in 1 / of DMF 
IS and thereto, 90 g of aayioyi chloride was added dnspwise over 2 hours under the control such that the liquid tempera- 
ture of the reaction solution did not exceed 30^C. Then, 2 / of distilled water was added and the crude aystal precipi- 
tated was collected by filtration. Tlie crude crystal obtained was recrystanized wHh ethanoiyWaler (yield: 75%). 

7 g of Ihe acryl monomer obtained and 12 g of methyl acrytete were cfissolved in GO g of DMF. then the reaction 
solution was heated at 65^C and at the same time, nitrogen was blown into the reaction solution for 30 minutes. 50 rhg 
20 of V^5 (produced by Wako Pure Chemical Industries, Ud.) as a polymerization initiator was added three times every 2 
hours. The reaction product was reprecipitatBd in 1 / of distilled water and recovered as powder. TTie polymer otstained 
was subjected to GPC analyse and found to have a weigtrt-average molecular weight, m terms of standard polystyrene, 
of 4,000. 

25 PCAMPLES 14 TQ ie AND COMPA fWIVE PCAMPI-^ 2 

18 g of each polymer obtained in Synthesis Examples 8 to 10. 2 g of hexamethoxymethylmelamine and 0.5 g of 
diphenyl iodonium hexafluorophosphate were dissolved in ethoxyethyl propionate to otslain a 10% solution and the 
resulting solution was filtered through a Teflon-made microfDter having a pore size of 0.10 [im to prepare a bottom antl- 
30 reflective coating solution. TTiis coating solution was coated on a sflicon waf^ by means of a spinner and heated on a 
vacuum contact system hot plate at 1 TO'^C for 3 minutes to forni a bottom anti-reflective coating, (l-lexamethoxymethyl- 
melamine as the thermal cross-linking agent was not added to the compound of Synthesis Example 8 (Compound 
(40)).) 

In the same manner, a bottom anti-reflective coating solution was prepared from the polymer obtained in Synthesis 
SB of (Comparative Example 2. 

BWMPl^S17T019 

Bottom anti-r^l^ve coating solutions of Examples 17 to 19 were prepared in the same manner as in Examples 
40 14 to 16 except for using 2.0 g of hexamethylol form of Iris P-PA (produced by Honshu Chemical Industry Co., Ltd.) in 
place of hocamethoxymethylmelamine in Examples 14 to 16. 

The bottom anti-reflective coating solutions of Examples 17 to 19 each was filtered through a Teflon-made micro- 
filter having a pore size of 0.1 0 ^nii coated on a sffioon wafer by means of a spinner and heated on a vacuum contact 
system hot plate at 1 70^C for 3 minutes to form a bottom anti-reflective coating. 

4S 

EXAMPLE 20 

A bottom anti-reflective ooating containing the polymer Compound (44) obtained in Synthesis Example 1 1 was 
formed in the same nanner as in Examples 1 4 to 16 except for using cyclohexanone as Ihe ^Ivent in place of ethox- 
so yelhyl propionate. 

The bottdm anti-reflective coatings prepared an were regulated to have a thickness of 0. 1 7 iim. Each bottom anti- 
reflective coating was dipped in a coating solvent used tor the resist, such as rbutyrdactone or ethoxyethyl propionate, 
and verified to be insoluble In tiie solvent 

On each bottom anti-reflective coating obtained. ARCH-2 (produced by Fuji Hunt Electronics Technology KK) as a 
55. positive photoresist for KrF exclmer laser was coated (thickness: 0.85 \an), exposed to light at the wavelength of 248 
nm using a reductton projection exposure apparatus (NSR-1505EX. n^uiufactured by NilQ>n KK), subjected to post 
exposure taking at 1 lO^C for 60 seoorxis, developed with a Z38% aqueous tetramethylamnnDnium hydraodde solution 
for 1 minute and then dried for 30 seconds. The thus-obtained resist pattern on the sOicon wafer was observed through 
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a scanning type electron microecope and examined on the limiting resolution and the film thickness dependency. 

(n the measurement of the absort>ance at 248 nm. each bottom anti-refiectivB coating composition was coated on 
a quartz plate, then dried by heating to form a coating, and the coating was measured by a spectrophotometer UV-24p 
manufactured by Shimadzu Corporation. 
5 The limiting resolution means a limiting resolution at the exposure amount necessary for reprodudng a mask pat- 
tern of 0.50 ^m when the fSm thickness is 0.65 iim. 

The film Mckness dependency as an Index Ibr examining the effect of the difference in the film thickness on the 
sensitivity was evaluated 1^ the ratio of the sensitivity with the resist film thickness of 0.85 [im to the sensitivity with the 
film thickness of 0.87 fim. A value cbser to 1 .0, namely, the lower dependency, is prefened. 
w In determining the dry etching rate, each anti-reflective coating composition was coated on a silicon water and dried 
by heating to form a coating and the coating olslained was measured under the conditton of CF4/O2 by means of CSE- 
1110 manuHactured by ULVAC Japan, Ltd. 

THe evaluation results are shown in l^Ue 2 below. 

TABLE 2 



SO 





Coating Absoft)- 
anceat246nm 

i/pm) 


Limiting Resolution 
(iim) 


Film Thkskness 
Dependency 


Dry Etching Rate 
(A/hfiir^ 


Example 14 


8.186 


0J27 


0.98 


574 


Example 15 


7.893 


027 


0.98 


666 


Example 16 


7.293 


0.27 


0.98 


666 


Example 17 


7.511 


0.27 


0.98 


549 


Example 18 


8.219 


027 


0.98 


553 


Example 19 


7.152 


027 


0.98 


553 


Example 20 


7.211 


027 


0.97 


698 


Comparative Exam- 
pto2 


8.037 


027 


0.97 


472 



ss It is seen from the results above tfmt the bottom anti-reflective coating compoeition of the present invention has a 
high coating absortiance. Is improved in the limiting resolution of tiie photores^t, and is reduced in the film dependency 
of the sensitivity ascribable to the standing wave resulting from the decrease of reflected light from the eutsstrate. On 
the contrary, in Compaivtive Example 2. these effects cannot be 0^ 

Tlie pre^nt Invention provides a composition for a bottom anti-reflective ccmting material and an image formation 

40 method which are high in the dry etching rate, high in the resoluti<»n and excellent in the resist film tiiickness depend- 
ency, by using a composition for a bottom anti-reflective coaling material comprising a naphthalene group-oonlaining 
polymer having a high dry etching rate and a laige absoit)ance at 248 nm and having a specSic structure. 

Using the bottom ahtkeflectlve coating nuterlal oomposMon and the method Ibr forming a photoresist pattem 
according to the present invention, there are attained high effect of preventing reflective light against light, no intemiix- 

45 ing with the photoresist layer, substantially no dispersion into the photoresist layer on drying by heating and a high dry 
etching rate as compared with the photoresist, and a fine image with high resolution and lowfilm tNckness dependency 
can be precisely configurated on a predetennined substrate. 

While the invention has been described in detail and witii reference to specific embodiments thereof, it wOl be 
apparent to one skilled in the art that various changes and modifications can be made therein without departing from 

so the spirit and scope thereof. 

Clalnfis 

1 . A composition for a bottom anti-reflective a>ating n^tertal, ccmpr^ng a polymer compound having a structure rep- 
ss resented by the following formula (I) or (II) on the side chain: 
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I 

w 
I 




wherein W represents a linking groifD to the polymer main chain. Y represents an oxygen atom, a sulfur atom or 
bN-V. Zt and Z2, which may be the same or different, each represents an electron donating groups m and n repre- 
ss sent an integer of from 0 to 2 and firom 0 to 3, respectively, and when mand n each is 2 or 3, theZ^ groups or the 
2^ groups may be the same or different, and V represents -OH, -NH2. a linear, branched or cyclic alkyi group having 
from 1 to 20 carbon atoms where the alkyI group may have a substituent, an aromatic or heteroaromatic ring group 
having linom 5 to 14 carbon aitoms, which may have a sUbetttuent or an alkoxy groi<) having from 1 to 20 cartm 
atoms. . 

2. A composllion for a bottom anti^'ef lective coating material, comprising a polymer compound having a structure rep- 
resented by the Ibllowing formula (III) or (IV) as a part of the repeating unit on the main or skle chain: 
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10 




(III) 



75 



20 



25 




(IV) 



$0 



35 



wherein Y represents an oxygen atom, a sulfur atom or =N-V. and Z2, wliich may be the same or different, each 
represents an electron donating group, m and n represent an integer of from 0 to 2 and from 0 to 3, respectively, 
and when m and n each is 2 or 3. the Z-i groups or the groups may be the same or different, and V represents - 
OH, -NH2, a linear, branched or cyclic alkyl group having from 1 to 20 carbon atoms wherein the alky! group may 
have a substituent, an aromatic or heteroaromatic ring group having from 5 to 14 cart»>n atoms, which m^ have a 
a^bstituent, oranalKaxygroup having fromi to 20 cart)on atoms. 



3, A composition for a Isottom anti-ref iective coating material, comprising a polymer corrpound having a repeating unit 
of the structure represented by formula (V) or (VI): 



40 
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SO 
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wherein represents a tiydrogen atom, a metfiyl group, a chlorine atom, a bromine atom or a cyano gmup. X rep- 
resenrts a divalent linking group, Y, , Z2, m and n have the same meanings as defined In claim 1 , and when m and 
n each is 2 or 3, the Zi groups or the Z2 groups may be the same or different 

A composition for a bottom anti-reflective coating material as claimed in claim 3, wherein in formula (V) or (VI), Z^ 
and Z2 each Is a group selected from -OH. - OR^, -NR^R® and -SR^ wherein Pfi represents a hydrocarbon group 
having from 1 to 20 caiton atoms, and and R^, which ma^ be the same or different, each represents a hydrogen 
atom or a hydrocarbon group having from 1 to 20 carbon atoms. 

A composition for a bottom anti-reflective coating material, comprising the following components (a) and (b): 

(a) a polymer compound having a structure represented by formula (0 or (II) described in claim 1 ; and 

(b) a melamine, guanamine, glycoturQ or urea compound substituted by at least one substituent selected from 
a methylol groupi an alkoxymethyl group and an acyltscymethyl groupi 

A composition for a bottom anti-reflective coating material as claimed in daim 5, wherein In fDrmula (I) or (II). W is 
a single bond or a linking group containing a group selected from an alkyiene group which n^y have a subtiituent, 
an arylene group which may have a sut}stituent and an aralkylene group which may have a substituent wherein W 
may have one or more of -CO2-, -CONH-, 0-, -00- and •S02-in the middle thereof, and Z^ and Z2 each is a group 
selected from -OH, -01^, -SR^ and -NR^R^ wherein Pfi represents a hydrocarbon group having from 1 to 20 car- 
bon atoms, and R^ and R^, which may be the same or different, each represents a hydrogen atom or a liydrocartson 
group having from 1 to 20 carbon atons. and when m and n each is 2 or 3. the Z^ groups or the Z2 groups may be 
the same or Afferent 

A composition for a bottom anti-reflective coating rrfiterial comprising the fblkswir^ oonrponents (a) and (c): 
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(a) a polymer compound leaving a staicture represented formula (I) or (II) described in ctedm 1 ; and 

(c) a phenol, naphthol or hydroxyanthracene compound substituted by two or more groups setectad from a 

methyld group, an alkoxymethyl group and an acytoxymethyl group. 

8. A oompo^tion for a bottom anti-reflective (xiating material as claimed in daim 7, wherein in formula (1) or (11), W is 
a single bond or a linking group containing a group selected liom an alkylene group which may teve a substituent, 
an arytene group wtilch may have a substituent and an aralkylene group which may have a substituent wherein W 
may have one or more of -CX>2-. -CONIH-. -0-, -CO- and -SO^in the middle thereof, and and Z2 each is a group 
selected from -OH, -OR^. -SR^ and -NR^R^ wherein R^ represents a hydrocartson group having from 1 to 20 car- 
toon atoms, and R^ and R^. whidi may be the same or different, each represents a liydrogen atom or a hydrocartx^n 
gnxip having from 1 to 20 «ut»>n atoms, and when m and n each is 2 or 3. the groups or the Z2 groups may be 
thesamaordiflBrenl. 

9. A composition Ibr a bottom antkef lectlve coating material as claimed In dalm 1 , wherein the polymer compound 
l^ng a structure represented by formula (Q or (II) contains firom 2 to 50 wt% of a repeating structural uiiit repre- 
sented by the following fbnnula (VII): 

I 

— fCHj^C-h- {VII ) 

A 



wherein R^ represents a hydrogen atom, a methyl group, a chlorine atom, a bromine atom or a cyano group, and 
A represents an organic functiorai group having a -Cl-^OH. - CH20R^ or -CHgOCOCHs terminal group wherein R^ 
represents a hydrocaition group having from 1 to 20 caitxvi atoms. 

ia A composition for a bottom anti-refleclive coating material as claimed in daim 9, wherein A in formula (Vtl) Is a 
group resulting from the reaction of -CONHCH^H. -OONHCH2OCH3, -C6H4CH2OH, -C6H4CH^CH3 or - 
CONHC{CH3)2CHCOCH3 with formalin. 

11. A composition for a kxittom anti-reflective coating material as claimed in daim 1 , wherein the polymer compound 
having a structure represented by formula (I) or (II) contains from 2 to 30 wt% of a repeating structural unit repre- 
sented 1:^ the fr3llowing formula (VIII): 



^^Hj-Of— (VIII) 
B 



wherein R^ has the same meaning as R^ in daim 9, and B represents an organic functional group having an epoxy 
terminal group. 

12. A bottom anti-reflective coating nrwterial composition oompr^ing a polymer light absort>ent having al least one 
group represented by the following formula (IX), QQ, PCI), (XII), (Xlil), (XiV) or (XV) on the side chain: 
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(X3)CX2)C=COCl) 

vv^--J^^^ ^^^^^ 



(Z2)m 





^^l^n (XIII) 




(Z2)m *z 



(Zi)n (vxiv) 




(Zi)n (XV) 



wherein W represents a divalent iinking groups X-i to X3. wiiich may l3e the same or different each represents a 
hydrogen atom, a halogen atom, a cyano group or -(X4)p-R wherein R represents an alky! group ^ing from 1 to 
20 cart)on atoms, an aryl group having from 6 to 20 cartoon toms or an aralkyi group having from 7 to 20 canton 
atoms, which may have a substituent, represents a single bond. -CO^-, - CONH-. -0-, -CO-, an alkylene group 
having from 2 to 4 canton atoms or -SOg-, p represents an integer of from 1 to 10, and Z2. which may be the 
same or different, each represents an electron donating groups m and n represerrt an integer of from 0 to 2 and from 
0 to 3, respectively, and when m is 2 or m and n each is 2 or 3, the groups or the Z2 groups may be the same or 
different. represents a divalent aromatic ring or hsteroaromatic ring group having from 5 to 14 cart)on atoms, 
which may have a substttuent, and A2 represents an aromatic ring or heteroaromatic ring group having from 5 to 
14 carbon atoms, which n^y have a subetituent. 
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13. A bottom anti-reflective coating material oompo^on comprising a polymer fight ab6ort>ent having at leaet one 
staidure represented by the following tomula (XVI), pcvil), (XVIII). (XIX), pOQ, (XXI), (XXIQ or (XXtll) as at least 
a part of the repealing unit on the main or side chain: 

— c(X2)==caci) 



c=c(xo(X2) 
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15 



20 



Az- 



<Z2)m 




(Zl), 



(XXIII) 



2B 



SO 



SB 



wherein to X3, Z^. Z2, A), A2, n and m each haa the aame meaning as defined in daim 12. 

14. A bottDm anti-reflective ooating material oompo^on comprising a polymer light absorbent having at least one 
repealing structural unit represented by the follGwing fbnnula (XXIV). (XXV) or QCXVI): 
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r 
I 

C(X2)=C(Xi) 



■ 5' 

CH 2-C 




(XXIV) 




'(Zi)n 



(Xi)(X2)C=C (xxv) 
<Z2)m 

J' 

f 
I 

! {XXVI ) 




(Z2) 



wherein represents a hydrogen atom, a methyl group, a chlorine atom, a bromine atom or a cyano group, Y rep- 
reeents a divalent linking groups X^, X2. Z^, ^ m, n and each has the eame meaning as in daim 12. 

15. A bottom anti-reflective coating material composition as claimed in daim 14. wherein Y is a single bond, an 
alkytene, arylene or aralkylene group which may partially have one or more of -CO2-. -CONH-, -0-, -CO and - SO2- 
. or a group represented by •CO2-E-, -CONH-E-. -0-E-, -CO-E- or -SQz'E- group vvherein E represents a single 
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bond or an aromatic ring group rminng fnom 6 to 14 caitDon atoms, which may have a substituenL 

16. A bottom anti-reflective coating material composition as claimed in claim 12, wherein and Z2, which may be the 
same or different, each represents -OH. -OR^. - NR^R^ or -SR^ wherein R^ represents a hydrocaiton group having 

s from 1 to 20 caibon atone, and R° and each represents a hydrogen atom or a hydrocarbon groip having from 
1 to20 cartran atoms. 

1 7. A bottom anti-reflective coating material composition as claimed in daim 12, wherein A., and A2 each represents a 
divalent or monovalent groi^) of benzene, naphthalene, anthraoene, phenanthrene or thiophene ring, wteh may 

10 haveasubstltuent 

Id. A tsottom anti-reftective coating material composition as claimed in daim 1 2, wherein said polymer light ab6ort)ent 
contains from 2 to 50 wt% of the^repeating structural unit represented by the following formula pocvil): 

tCH2-C) (XXVII) 

wherein represents a hydrogen atom, a methyl group, a chlorine atom, a bmmine atom or a cyano group, and 
Bi represents an organic functional group having -CH2OH, -CH20R^ or -CH2OCOCH3 at the terminal wherein R^ 
25 represents a hydrocarbon group having from 1 to 20 cartran atoms. 

19. A bottom anti-reflective coating material composition as daimed in daim 12, vtrherein said polymer light absoit>ent 
contains from 2 to 50 wt% of a repeating structural unit represented by tormula (XIX) of claim 18 where is a 
group obtained by the reaction of a group represented by -CONHCH2OH, -CONHCH2OCH3. -CH^COCHs, - 

90 C6H4(OH)CH20H, -C6H4(OH)CH20CH3 or ^NHC(CH3)2CH200CH3, wHh formalin. 

20. A bottom anti-reflective coating material composition as daimed in daim 1 2, wherein said polymer light absort)ent 
oontains from 2 to 30 wt% of a repeating structural unit represented by the foDowfrig formula (XXVIII): 

\ 

— fCHj-C-) (XXVIII) 

wherein R^ represents a hydrogen atom, a methyl group, a chlorine atom, a bromine atom or a cyano group, and 
82 represents an organic functional group having an epoxy termhal group. 

4S 21 . A bottom anti-reflective coating material composition compreing the following oomponents (a) and (b): 

(a) a polymer light absorbem daimed in daim 12; and 

(b) a melamine. guanamine. glycolurO or urea compound substituted by at least one substituent selected from 
a methyiol group, an aikoxymethyl group and an acyloxymethyl groupi 



so 



22, A bottom anti -reflective coaling material composition comprising the foUowing oonponents (a) and (c): 



(a) a polymer light absorbent daimed in claim 12; and 

(c) a phenol, naphthol or hydroxyanthracene compound substituted by at least one substituent selected from a 
55. methyiol groiq), an altoxymettiyl group and an ai^oxymethyi group. 

23. A metiiod for forming a resist pattern, which uses a bottom anti-reflective coating material composition daimed in 
dalml. 
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24. A method for forming a resist pattern, which uses a bottom anti-reflective coating mater^ composition claimed in 
daim 12. 
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